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ANMERKUNG ZUR ENTSCHEIDUNG USER DIE ERTEILUNG 
EINES EUROPAISCHEN PATENTS (EPA Form 2006) 

1. EPA InformationsbroschUre "Nationales Recht zum EPQ" 

Diese BroschOre enthSIt nOtzliche Informationen zu den formalen Erfordernissen und den Handlungen, die 
vor den Patentbeh5rden der Vertragsstaaten vorzunehmen sind, urn Rechte in diesen Staaten zu eriangen. 
Da diese Handlungen einenn standigen Wandel unterworfen sind. sollte imager nur die neueste Ausgabe der 
Broschure benutzt werden. Nachtrdgliche Informationen werden im Amtsblatt verdffentlicht. 

2. Ubersetzung der europaischen Patentschrift nach Artikel 65(1) des Europaischen Patentiiber- 
einkommens 

Sie werden erneut darauf hingewiesen, dass bestimmte Vertragsstaaten nach Artikel 65(1) EPU eine Uber- 
setzung der europaischen Patentschrjft verlangen; hierauf wird in der Mitteilung gemSss Regel 51(6) ver- 
wlesen. Die Nichteinreichung dieser Ubersetzung kann zur Folge haben, dass das Patent in dem 
betreffenden Staat/in den betreffenden Staaten ais von Anfang an nicht eingetreten gilt Weitere 
EInzelheiten entnehmen Sie bitte der oben genannten BroschQre. 

3. Zahiung von JahresgebUhren fur europaische Patente 

Nach Artikel 141 EPU kbnnen 'Rationale' JahresgebQhren fur das europaische Patent fur die Jahre erhoben 
werden, die an das Jahr anschliessen. in dem der Hinwei s auf die Erteilung des europSischen Patents im 
'Europaischen Patentblatt' bekanntgemacht wird. Weitere Einzelheiten entnehmen Sie bitte der oben 
genannten Broschure. 



NOTE RELATING TO THE DECISION TO GRANT A 
EUROPEAN PATENT (EPO Form 2006) 

1. EPO Information Brochure 'T^ational law relating to the EPC. 

This brochure provides useful information regarding formal requirements and the steps to be taken before 
the patent authorities of the Contracting States in order to acquire rights in those states. Since the necessary 
steps are subject to change the latest edition of the brochure should always be used. Subsequent inform- 
ation is published in the Official Journal. 

2. Translation of the European patent specification under Article 65(1) of the European Patent 
Convention 

Your attention is again drawn to the requirements regarding translation of the European patent specification 
laid down by a number of Contracting States under Article 65(1) EPC, to which reference is made in the. 
communication under Rule 51(6). Failure to supply such translation(s) may result in the patent 
being deemed to be void "ab Initio" In the State(s) In question. For further details you are recom- 
mended to consult the alcove-mentioned brochure. 

3. Payment of renewal fees for European patents 

Under Article 141 EPC 'national' renewal fees in respect of a European patent may be imposed for the years 
which follow that in which the mention of the grant of the European patent is published in the 'European 
Patent Bulletin'. For further details you are recommended to consult the above-mentioned brochure. 



REMARQUE RELATIVE A LA DECISION DE DELIVRANCE 
D'UN BREVET EUROPEEN (OEB Form 2006) 

1. Brochure d'information de rOEB "Droit national relatif a ia CBE" 

Cette brochure fournit d'utiles renseignements sur les conditions de forme requises et sur les actes a ac- 
complir aupres des offices de brevet des Etats contract ants aux fins d'obtenir des droits dans les Etats con- 
tractants. Etant donne que les actes indispensables sont susceptibles de modifications, if serait bon de tou- 
jours consulter la derniere edition de la brochure. Toute information ult^rieure est publtee au Journal Offi- 
ciel. 

2. Traduction du fascicule du brevet europeen en vertu de Particle 65(1) de la Convention sur le 
brevet europeen 

Votre attention est de nouveau attiree sur Tobligation faite par certains Etats contractants, en vertu de 
I'article 65(1) CBE, de fournir une traduction du fascicule du brevet europ6en. ^ laquelle il est fait r^f^rence 
dans la notification etablie conformement ^ ta r^gle 51(6). Si la(les) traduction(s) n'est(ne sont) pas 
fournie(s), le brevet europeen peut, des i'origine, etre repute sans effet dans cet(ces) Etat(s). 
Pour plus de details, nous vous renvoyons a ta brochure susmentionnee. 

3. Paiement des taxes annuelles pour le brevet europeen 

Conformement ^ Tarticle 141 CBE, les taxes annuelles 'national es' dues au titre du brevet europeen peuvent 
etre percues pour les annees suivant celle au cours de laquelle la mention de la d61ivrance du brevet euro- 
peen est publiee au 'Bulletin europeen des brevets'. Pour plus de details, nous vous renvoyons d la bro- 
chure susmentionnee. 
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Verfahren des Kalibrierens eines sendenden Teils eines 
Knotens in einem drahtlosen Konununikationsnetzwerk, 
wobei das Kommunikationsnetzwerk zumindest einen ersten 
Funkknoten und einen zweiten Funkknoten umfasst, die 
angeordnet warden konnen, mit jedem anderen in 
Funkkommunikation zu sein und wobei zumindest ein 
Funkknoten Funksignale von vielfachen Antennen empfangt, 
wobei das Verfahren die Schritte umf asst : 

Senden (605, 705) erster Pilot-Signale sowohl von 
dem ersten Funkknoten zu dem zweiten Funkknoten als 
auch von dem zweiten Funkknoten zu dem ersten 
Funkknoten; 

Bestimmen (610, 710) in dem zweiten Funkknoten 
einer ersten Schatzung der Kanal-Charakteristiken 
von dem ersten Funkknoten zu dem zweiten Funkknoten 
und Bestimmen in dem ersten Funknoten einer zweiten 
Schatzung der Kanal-Charakteristiken von dem 
zweiten Funkknoten zu dem ersten Funknoten, wobei 
das Bestimmen auf den jeweiligen empfangenen ersten 
Pilotsignalen basiert; 

Berechnen zumindest eines Kanal-Korrekturf aktors in 
dem ersten Funkknoten, basierend auf den ersten und 
zweiten Kanal-Schatzungen 

wobei das Kalibrierungsverf ahren durch die Schritte 
gekennzeichnet i st : 

Senden (611, 711-712) eines modif izierten zweiten 
Pilot-Signals von dem ersten Funkknoten zu dem 



zweiten Funkknoten, wobei die Modifikation auf der 
zweiten Kanalschatzung basiert; 

Schatzen (612, 613) von Sendefehlern in dem zweiten 
Funkknot en, wobei die Schatzung auf der ersten 
Kanal-Schatzung und dem empfangenen zweiten Pilot - 
Signal basiert und Berechnen eines . Korrekturvektors 
mit Korrekturtermen fur jede der vielfachen 
Antennen basierend auf den Sendefehlern; 

Austauschen (615, 715) des Korrekturvektors von dem 
zweiten Funkknoten zu dem ersten Funkknotien; und 

darin, dass der Schritt eines Berechnens von 
Korrekturfaktoren (620, 720) ein Berechnen eines 
Korrekturfaktors fflr jede Antenne umfasst, wobei die 
Korrekturfaktoren zumindest teilweise auf den jeweiligen 
Korrekturtermen in dem Korrekturvektor basieren, wobei 
die Korrekturfaktoren zur Verwendung bei Ubertragungen 
von dem ersten Funkknoten zu dem zweiten Funkknoten 
angepasst sind. 

Kalibrierungsverfahren nach Anspruch 1, wobei das 
Kalibrierxmgsverfahren in vorbestimmten Zeitintervallen 
initiiert wird. 

Kalibrierungsverfahren nach Anspruch 1, wobei das 
Kalibrierungsverfahren als eine Antwort eines MaiSes an 
Kommunikationsqualitat initiiert wird, die unter einer 
vorbestimmten Schwellwert liegt. 

Kalibrierungsverfahren nach einem der Anspruche 1 bis 3, 
wobei die Modifikation des zweiten Pilot-Signals eine 
Multiplikation eines Pilot-Signals mit dem Komplex- 
Konjugierten der zweiten Kanal-Schatzung umfasst. 



Kalibrierungsverfahren nach einem der Anspruche 1 bis 4, 
wobei der Korrekturvektor in Form einer kompakten 
Darstellung des Korrekturvektors ausgetauscht wird. 

Kalibrierungsverfahren nach einem der Anspruche 1 bis 5, 
wobei der erste Funkknoten (A) mit «^ Antennen 
bereitgestellt ist und der zweite Funkknoten (B) mit 
Antennen bereitgestellt ist und wobei zumindest der 
erste Funkknoten zumindest zwei Antennen aufweist, wobei 

bei dem ersten sendenden Schritt (605) die ersten 
Pilotsignale Spaltenvektoren sind; 

bei dem bestimmenden Schritt (610) eine erste 
Schatzung H^^^ der Kanal-Charakteristiken von dem 
ersten Funkknoten zu dem zweiten Funkknoten in dem 
zweiten Funknoten berechnet wird und eine zweite 
Kanal schatzung H^^^ der Kanal-Charakteristiken von 
dem zweiten Funkknoten zu dem ersten Funkknoten in 
dem ersten Funkknoten berechnet wird; 

bei dem zweiten sendenden Schritt (611) der zweite 
Pilot vor-multipliziert wird, gemalS zu: 

das an dem zweiten Funkknoten als Rg empfangen 
wird und wobei Hl^^ das Komplex-Konjugierte der 
zweiten Kanalschatzung ist, P^ eine n^xn^ 
Diagonalmatrix ist, die einzelne Pilot -Signale 
enthalt und ein Einheitsspaltenvektor der 
Dimension ist; xind 

bei dem schatzenden Schritt (612) der 
Korrekturvektor basierend und H^^^ berechnet 
wird und Fehlerkorrekturtezme fur jeden der 
Antennen des ersten Funkknotens umfasst, und 



in dem Berechnungsschritt (620) Kanal- 
Korrekturfaktoren fur jede Antenne basierend auf 
dem Korrekturvektor berechnet werden. 

Kalibrieningsverfahren nach einem der Anspruche 1 bis 5, 
wobei der erste Funkknoten (A) mit Antennen 
bereitgestellt ist und der zweite ' Funkknoten (B) mit 
Antennen bereitgestellt ist und wobei zumindest der 
erste Funkknoten zumindest zwei Antennen aufweist, wobei 
die Funkkommunikation auf Einzelwert-Zerlegung (SVD - 
Singular Value Decomposition) basiert und 

bei dem ersten sendenden Schritt (705) des ersten 
Pilot-Signals Spaltenvektoren vorliegen 

bei dem bestimmenden Schritt (610) eine erste 
Schatzung H^^g der Kanal-Charakteristiken von dem 
ersten Funkknoten zu dem zweiten Funkknoten in dem 
zweiten Funkknoten berechnet. wird, und eine zweite 
Kanal schatzung Hg^^ der Kanal-Charakteristiken von 
dem zweiten Funkknoten zu dem ersten Funkknoten in 

« 

dem ersten Funkknoten berechnet wird; 

bei dem zweiten sendenden Schritt (611) der zweite 
Pilot mit einem Vor-Filter H^^^ vor- 
multipliziert wird, der das Komplex-Konjugierte der 
zweiten Kanal schatzung ist, das an dem zweiten 
Funkknoten empfangen wird als 

bei dem schatzenden Schritt (713) Korrekturvektoren 
in dem zweiten Knoten berechnet werden und auf 
^B-^A ^A^B basien, wobei H^^^^ aus dem ersten 

Pilot-Signal geschatzt wird und H^^^^ aus 
geschatzt wird, und 



bei dem Berechnungsschritt . (720) Kanal- 
Korrekturfaktoren fur jede Antenne basierend auf 
dem Korrekturvektor berechnet werden. 

Kalibrierungsverfahren nach einem der Anspruche 1 bis 7, 
wobei der Korrekturvektor eine Darstellung von entweder 
Verzogerungsfehlern, Phasenfehlern oder 
Amplitudenfehlern oder eine Kombination von diesen 
Fehlern umfasst. 

Kalibrierungsverfahren nach einem der Anspruche 1 bis 8, 
wobei ein erster Teil des Schritts des Sendens von 
Kanalschatzsymbolen in einem ersten Sendezeitschlitz TXi 
durchgefuhrt wird, wobei der zweite Funkknoten einen 
Pilot Pc sendet, der von dem ersten Funkknoten empfangen 
wird, der in einem Empfangsmodus ist; und 

ein zweiter Teil des Schritts des Sendens von 
Kanalschatzsymbolen in einem zweiten Sendezeitschlitz 
TX2 durchgefuhrt wird, wobei der erste Funkknoten einen 
Pilot Pc , Pp Oder P^ sendet, der von dem zweiten 
Funkknoten empfangen wird, der in einem Empfangsmodus 
JLst . 

Kalibrierungsverfahren nach Anspruch 9, wobei. der 
Schritt des Austauschens von Information zwischen den 
Funkknoten in einem dritten Sendezeitschlitz TX3 
durchgefuhrt wird, wobei der zweite Funkknoten in einem 
regularen Sendemodus ist und Information auf dem 
Funkanal zu dem ersten Funkknoten sendet, der in einem 
Empfangsmodus ist. 

Kalibrierungsverfahren nach Anspruch 10, wobei der erste 
Funkknoten den Funkkanal aus dem zweiten Funkkanal zu 
dem ersten Funkknoten H^^^ in dem ersten 
Sendezeitschlitz TXi schatzt. 



12. Kalibrierungsverfahren nach Anspruch 10 oder 11, wobei 
der zweite Fxinkknoten den Funkkanal aus dem ersten 
Funkkanal zu dem zweiten Knot en H^^^ in dem zweiten 
Sendezeitschlitz TX2 schatzt. 

13. Kalibrierungsverfahren nach Anspruch 12, wobei der 
zweite Funkknoten weiter einen Korrekturvektor oder 
einen Korrekturterm in dem zweiten 
Obertragungszeitschlitz TX2 schatzt. 

14. Kalibrierungsverfahren nach einem der Anspruche 10 bis 
13 , ' wobei der Schritt des Berechnens eines 
Korrekturfaktors oder -faktoren in dem ersten Funkknoten 
in dem dritten Zeitschlitz TX3 durchgefiihrt wird. 

15- Kommunikationssystem (800) zur drahtlosen Konimunikation, 
wobei das System zumindest einen ersten Funkknoten und 
einen zweiten Funkknoten umfasst, die angeordnet werden 
konnnen, in Funkkommunikation mit jedem anderen zu sein, 
wobei das Kommunikationssystem dadurch gekennzeichnet 
ist, dass der zumindest eine Funkknoten mit der Hilfe 
des zweiten Funkknotens durch Verwenden des 
Kalibrierungsverf ahrens nach einem der Anspruche 1 bis 
14 kalibriert wird. 

.16. Kommunikationssystem nach Ansprxich 15, wobei der 
zumindest eine der Funkknoten des Systems eine 
Multiantennen-Konf iguration als angepasst fur MIMO- 
basierte Kommunikation verwendet. 

17. Funkkbten, angepasst zur drahtlosen Kommunikation in 

einem drahtlosen Netzwerk, wobei das Netzwerk zumindest 
einen weiteren Funkknoten umfasst, wobei der Funkknoten 
umf asst : 



ein austauschendes Modul (232) , das angepasst zum 
Empfangen zumindest einer ersten Funkkanalschatzung 
von dem zumindest weiteren Funkknoten ist; 

ein Kanal schatzendes Modul (224) , das angepasst 
zum Herstellen einer zweiten Funkkanalschatzung aus 
einem Fimksignal ist, das von dem Funkknoten 
empfangen wurde; 

ein berechnendes Modul (226) , das angepasst zum 
Berechnen eines Korrekturvektors/ -terms oder einer 
Darstellung einer Funkkanalschatzung basierend auf 
der empfangenen ersten Funkkanalschatzung und der 
zweiten Funkkanalschatzung ist; und 

ein kompensierendes Modul (234) zum Kompensieren 
von Funkubertragungen von dem Funkknoten mit 
zumindest einem Korrekturfaktor, der zumindest 
teilweise auf der berechneten Kalibrierung basiert, 

und das gekennzeichnet ist, durch 

ein Pilot sendendes Modul (228) , das angepasst zum 
Steuern der Ubertragung eines ersten Pilot -Signals 
und eines zweiten Pilotsignals ist, wobei das 
zweite Pilotsignal mit der zweiten 
Funkkanalschatzung modifiziert wird. 

18. FLinkknoten nach Anspruch 17, wobei der Funkknoten we iter 
Vorrichtungen zum initiieren eines 

Kalibrierungsprozesses umfasst, wobei die initiierenden 
Vorrichtungen angepasst sind, den Kalibrierungsprozess 
in vorbestimmten Zeit interval len durchzuf uhren 

19, Funkknoten nach Anspruch 17, wobei der Funkknoten weiter 
zum Initiieren eines Kalibrierungsprozesses umfasst, 
wobei die initiierenden Vorrichtungen angepasst sind. 
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den Kalibrierungsprozess als eine Antwort eines Mafies 
der Kommunikationsqualitat zu Initiieren, die unter 
einem vorbestitnmten Schwellwert liegt. 

20. Funkknoten nach einem der Anspruche 17 bis 19, wobei der 
Funkknoten eine Multiantennen-Konf iguration verwendet. 

21. Funkknoten nach einem der Anspruche 17 bis 20, wobei der 
Funkknoten eine mobile Station (815) ist. 

22. Funkknoten nach einem der Anspruche 17 bis 20, wobei der 
Funkknoten eine Funkbasiastation (805) ist. 

23. Funkknoten nach einem der Anspruche 17 bis 20, wobei der 
Funkknoten eine Vermittlungsstation ist. 
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REViaroiCATIONS 

1. Proc§d§ d* §talonnage d'une partie d' emission 
d*un noeud dans iin rSseau de communication sans fil, ce 
rSseau de communication comprenant au moins un premier noeud 
radio et un deuxiSme noeud radio qui peuvent §tre agencSs de 
fa(;on a etre en radiocommunication l*un avec 1' autre, et 
dans leguel au moins un noeud radio regoit des signaux radio 
provenant de multiples antennes, ce proc6d6 d'^talonnage 
comprenant les §tapes suivantes : 

- ejnettre (605, 705) des premiers signaux pilotes a 
la fois k partir du premier noeud radio vers le deuxiSme 
noeud radio et ^ partir du deuxieme noeud radio vers le 
premier noeud radio; 

T determiner {610, 710) dans le deuxieme noeud radio 
une premidre estimation des caract§ristiques de Ceuial a 
partir du premier noeud radio vers le deiixiSme noeud radio, 
et dans le premier noeud radio determiner une deuxieme 
estimation des caractgristigues de canal k partir du 
deuxieme noeud radio vers le premier noeud radio, cette 
determination 6tant bas§e sur des premiers signaux pilotes 
regus respectifs; 

- calculer au moins un facteur de correction de 
canal dans le premier noeud radio sur la base des premiSre 
et deuxieme estimations de canal, 

le precede d'Stalonnage etant caracterise par les 
Stapes suivantes : 

- ejnettre (611, 711, 712) un deuxieme signal pilote 
modifie, k partir du premier noeud radio vers le deuxieme 
noeud radio, la modification Stant bas§e sur la deuxidme 
estimation de canal, 

- estimer des erreurs de transmission (612, 713) 
dans le deuxieme noeud radio, cette estimation gtant basSe 
sur la premiere estimation de canal et le deuxieme signal 
pilote regxi, et calculer un vecteur de correction avec des 
termes de correction pour chacune des multiples antennes, 
sur la base des erreurs de transmission; 
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- ^changer (615, 715) le vecteur de correction a 
partir du dexixlgme noeud radio vers le premier nceud radio; 
et 

en ce que I'Stape de calcul de facteurs de 
correction (620, 720) comprend le calcul d*un facteur de 
correction pour chaque antenne, les facteurs de correction 
6tant bas§s au moins partiellement sur les termes de 
correction respectifs dans le vecteur de correction, 
lesdits facteurs de correction etant adaptis pour 
1' utilisation dans des emissions ^ pa:rtir du premier noeud. 
radio vers le deuxi§me noeud radio. 

2. Proc§dg d • fitalonnage selon la revendication 1, 
dans lequel le procSdg d'Stalonnage est lance a des 
intervalles de temps prgdStermings . 

3. Proc6d6 d'6talonnage selon la revendication 1, 
dans lequel le procede d'etalonnage est lanc§ en tant que 
r§ponse au fait qu'une mesure de qualite de communication 
est inffirieure a une valeur de seuil pr6d6termin§e . 

4. ProcSdS d'etalonnage selon l*une quelconque des 
revendications 1 a 3, dans lequel la modification du 

« 

deuxidme signal pilote comprend une multiplication d'un 
signal pilote par le conjugu§ complexe de la deuxieme 
estimation de canal. 

5. Procedg d*etalonnage selon I'une quelconque des 
revendications 1 a 4, dans lequel le vecteur de correction 
est echange sous la forme d*une representation compacte du 
vecteur de correction, 

6. ProcSdfi d'etalonnage selon I'une quelconque des 

* 

revendications 1 & 5, dans lequel le premier noeud radio (A) 
est gquipe de n^ antennes et le deuxieme noeud radio (B) est 
equips de antennes, et dcuis lequel au moins le premier 
noeud radio a au moins dexix antennes, dans lequel : 

dans la premiere etape d* emission (605) les 
premiers signaux pilotes, Pci sont des vecteurs colonne; 

- dans 1* etape de determination (610) une premiere 
estimation H des caracteristiques de canal cL partir du 
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premier noeud radio vers le deuxieme ntEud radio est calculSe 
dans le deiixidme noeud radio, et lane dexixieme estimation de 
canal H des caractSristiques de canal a partir du 

deuxieme noeud radio vers le premier noeud radio est calcul^e 
5 dans le premier noeud radio; 

douis la deiixidme Stape d* Emission (611) le 
deuxifime pilote, Pa, est pr6-multipli6 conform§ment k : 

ce qui sera re?u comme Rg au deuxiSme noeud radio, et dans 
10 cette expression if*s^ est le conjugufi complexe de la 
deuxigme estimation de canal, Pg est vine matrice diagonale 
de Ha X Oa contenant Da signaux pilotes individuels, et 1^ 
est un vecteur colonne ne contenant que des 1, de dimension 

15 dans l*§tape d'estimation (612), le vecteur de 

correction est calcule sur la base de Rs et Ha^, et 
comprend des termes de correction d'erreur pour chacxme des 
antennes du premier noeud radio; et 

- dans I'Stape de calcul (620) des facteurs de 
20 correction de canal pour chaque antenne sont calculus sur 

la base du vecteur de correction. 

7. Proc6d§ d'fitalonnage selon I'une quelconque des 
revendication 1 a 5, dans lequel le premier noeud radio (A) 
est gquipg de Da antennes et le deuxiSme noeud radio (B) est 

25 §quipe de tib antennes, et dans lequel au moins le premier 
noeud radio a au moins deux antennes, dans lequel la 
radiocommunication est basee sur une Decomposition en 
Valeurs Singuli§res {SVD pour "Singular Value 
Decomposition") , et 

30 - dans la premiere §tape d' Emission (705) les 

premiers signaux pilotes, Pc, sont des vecteurs colonne; 

- dans I'etape de determination (610), une premiere 
estimation, H a^, des caracteristiques de canal a partir du 
premier noeud radio vers le devixidme noeud radio est calculee 

35 dans le deuxidme noeud radio, et une deuxiSme estimation de 
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canal H des caracteristigues de csmal ^ partir du 
deuxidme noeud radio vers le premier noeud radio est calculSe 
dans le premier noeud radio; 

dans la deuxigme 6tape d' Emission (611) le 
5 deuxigme pilote, Pa, est pr6-multipli§ par un prS-filtre, 
^*B^i qui est le conjugue complexe de la deitxiSme 
estimation de canal, ce qui sera re9u au deuxidme noeud 
radio sous la forme 

10 - dans I'Stape d' estimation (713) le vecteur de 

correction est calcule dans le deuxidme noeud et bas6 sur 
H*B^ Ha^, avec estimS a partir du premier signal 

pilote et H*B^ estimS k partir de Rs; et 

- dans l'6tape de calcul (720), des facteurs de 

15 correction de canal pour chague antenne sont calculus sur 
la base du vecteur de correction. 

8. Proc6d§ d'Stalonnage selon l*une quelconque des 
revendications 1^7, dans lequel le vecteur de correction 
comprend \ine representation d'erreurs de retard, d'erreurs 

20 de phase ou d'erreurs d* amplitude, ou une combinaison de 
ces erreurs. 

9, Proc§d6 d'Stalonnage selon l*une quelconque des 
revendications 1 a 8, dctns lequel une premiere partie de 
l*etape d' emission de symboles d' estimation de canal est 

25 effectuSe dans un premier cr^neau temporel d' Emission TXi, 
dans lequel le de\ixi§me noeud radio Smet un pilote, Pc, qui 
est regu par le premier noeud radio, qui est dans un mode de 
reception; et 

une deuxieme partie de l'6tape d* emission de 

30 symboles d* estimation de canal est effectuSe dans un 
deuxidme crSneau temporel d' Emission TX2, dans lequel le 
premier noeud radio 6met un pilote, Pc, Pd ou Ps qui est regu 
par . le deuxiSme noeud radio, qui est dans un mode de 
reception. 
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10. Proc6d§ d'etalonnage selon la revendication 9, 
dans lequel l'6tape d'fechange d ' information entre noeuds 
radio est effectu6e dans un troisidme crSneau temporel 
d'gmission TX3, dans lequel le dexixidme noeud radio est en 

5 mode d' Emission normal et Smet de 1' information sur ' le 
canal radio vers le premier nceud radio, qui est en mode de 
r§ception. 

11. Proc6d6 d*6talonnage selon la revendication 10, 
dans lequel le premier noeud radio estime le canal radio 

10 allant du deuxigme canal radio vers le premier noeud radio, 
^B^i dans le premier crSneau temporel d* Emission TXi. 

12. ProcSdS d'^talonnage selon la revendication 10 
ou 11, dans lequel le deuxidme noeud radio estime le. canal 
radio allant du premier canal radio vers le deuxieme noeud 

15 radio, H^^, dans le deuxieme cr6neau temporel d' Emission 
TXa. 

13. Proc6d6 d'Stalonnage selon la revendication 12, 
dans lequel le deuxieme noeud radio estime en outre un 
vecteur de correction ou un terme de correction dans le 

20 deuxidme crSneau temporel d' emission TX2. 

14. Proc§dg d'Stalonnage selon I'une quelconque des 
revendi cat ions 10 a 13, dans lequel I'etape de calcul d'un 
facteur ou de facteurs de correction dans le premier noeud 
radio est effectu^e dans le troisifime crfineau temporel 

25 d* Emission TX3 . 

15. SystSme de communication (800) pour la 
communication sans fil, le systdme comprenant au moins un 
premier noeud radio et un deuxieme noeud radio qui peuvent 
§tre agenc§s pour §tre en radiocommunication I'un avec 

30 1' autre, ce systdme de communication 6tant caracterise en 
ce que I'au moins un premier noeud radio est etalonne avec 
I'aide du deuxi&me noeud radio, par 1' utilisation du proc§d6 
d'italonnage conforme k I'une quelconque des revendi cat ions 
1 a 14. 

35 16. Systeme de communication selon la revendication 

15, dans leqpiel I'au moins un des noeuds radio du systeme 
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Utilise une configuration tnulti-antenne adaptSe pour la 
communication basSe sur la technique d* entries multiples et. 
sorties multiples ou MIMO. 

17 . Nceud radio adapts pour la communication sans 
5 fil dans un reseau sans f il (800) , ce r^seau comprenant au 

moins un nceud radio supplgmentaire, le nceud radio 
comprenant ; 

- un module d«§change (232) adapts pour recevoir au 
moins une premiSre estimation de canal radio provenant au 

10 moins du premier noeud supplSmentaire; 

- un module d' estimation de canal (224) adapts pour 
produire une deuxiSme estimation de canal radio a partir 
d'un signal radio reqiu par le noeud radio; 

- un module de calcul (226) adapts pour calculer un 
15 vecteur / terme de correction ou une representation 

d» estimations de canal radio basSe sur la premidre 
estimation de canal radio regue et la deuxiSme estimation 
de canal radio; et 

- un module de compensation (234) pour compenser 
20 des Emissions radio provenant du noeud radio avec au moins 

un facteur de correction qui est au moins partiellement 
basS sur I'etalonnage calculS, 
et etant caracterise par : 

- un module d' emission de pilote (228) adapts pour 
25 commander I'Smission d'un premier signal pilote et d'un 
deuxieme signal pilote, le deuxieme signal pilote Stant 

modifiS avec la deuxiSme estimation de canal radio. 

f 

18. Noeud radio selon la revendication 17, dans 
lequel le noeud radio comprend en outre un moyen pour lancer 

30 un processus d' Stalonnage, ce moyen de lancement Stant 
adapts pour lancer le processus d'Stalonnage a des 
intervalles de temps predSterminSs . 

19. Noeud radio selon la revendication 17, dans 
lequel le noeud radio comprend en outre un moyen pour lancer 

35 un. processus d' Stalonnage, ce moyen de lancement Stant 
adapts pour lancer le processus d'Stalonnage comme rSponse 
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au fait cju'une mesure de qualite de conuniinication est 
infSrieure a une valeur de seuil predeterminee. 

20. Noeud radio selon l*une quelconque des 
revendications 17 a 19, dans lequel le noeud radio utilise 

5 une configuration mult i -ant enne. 

21. Noeud radio selon I'une quelconque des 
revendications 17 ^ 20, dans lequel le noeud radio est une 
station mobile (815) . 

22. Noeud radio selon I'une (juelconque des 
10 revendications 17 a 20, dans lequel le noeud radio est une 

station de base radio (805) . 

23. Noeud radio selon I'une quelconque des 
revendications 17 20, dans lequel le noeud radio est une 
station relais (810) . 
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Pat exit as,spr<iohe 

1. Verfahren des Kalibrierens eines sendenden Teilg einee 
Knotens in einem drahtlosen KoTranunikationsnetzwerk, 
wobei das KoTnmunikationenetzwerk zumindest einen ersten 
Funkknoten und einen zweiten Punkknoten umfasst, die 
angeordnet werden konnen, mit jedem anderen in 
Funkkommunikation zu sein und wobei zumindest ein 
Punkknoten Punksignale von vielfachen Antennen empfangt, 
wobei das Verfahren die Schritte umfasst: 

Senden (605, 705) erater Pilot-Signale sowohl von 
dem ersten Punkknoten zu dem zweiten Punkknoten als 
auch von dem zweiten Punkknoten zu dem ersten 
Funkknoten; 

Bestimmen (610, 710) in dem zweiten Funkknoten 
einer ersten Schatzung der Kanal-Charakteristiken 
von dem ersten Funkknoten zu dem zweiten Punkknoten 
und Bestimmen in dem ersten Funknoten einer zweiten 
Schatzung der Kanal-Charakteristiken von dem 
zweiten Funkknoten zu dem ersten Funknoten, wobei 
das Bestimmen auf den jeweiligen empfangenen ersten 
Pilotsignalen basiert; 

Berechnen zumindest eines Kanal-Korrekturf aktors in 
dem ersten Punkknoten, basierend auf den ersten und 
zweiten Kanal-Schatzungen 

wobei das Kalibrierungsverf ahren durch die Schritte 
gekennzeichnet ist : 

Senden (611, 711-712) eines modif izierten zweiten 
Pi lot -Signals von dem ersten Funkknoten zu dem 
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zweiten Funkknoten, wobei die Modifikation auf der 
zweiten Kanalschatzung basiert; 

Schatzen (612, 613) von Sendefehlern in dem zweiten 
Funkknoten, wobei die Schatzung auf der ersten 
Kanal-Schatzung und dem empfangenen zweiten Pilot - 
Signal basiert und Berechnen eines Korrekturvektors 
mit Korrekturtermen fur jede der vielfachen 
Antennen basierend auf den Sendef ehlern; 

Austauschen (615, 715) des Korrekturvektors von dem 
zweiten. Funkknoten zu dem ersten Punkknoten; und 

darin, daas der Schritt eines Berechnens von 
Korrekturfaktoren (620, 720) ein Berechnen eines 
Korrekturfaktors fur jede Antenne umfaaet, wobei die 
Korrekturfaktoren zumindest teilweise auf den jeweiligen 
Korrekturtermen in dem Korrekturvektor basieren, wobei 
die Korrekturfaktoren zur Verwendung bei Ubertragungen 
von dem ersten F\inkknoten zu dem zweiten Funkknoten 
angepaaat sind. 

2. Kalibrierungsverfahren nach Anspruch 1, wobei das 
Kalibrierungsverfahren in vorbestimmten Zeitintervallen 
initiiert wird. ^ 

3. Kalibrierungsverfahren nach Anspruch 1, wobei das 
Kalibrierungsverfahren als eine Antwort eines Mafiee an 
Kommunikationsqualitat initiiert wird, die unter einer 
vorbestimmten Schwellwert liegt. 

4. Kalibrierungsverfahren nach einem der Anspiniiche 1 bis 3, 
wobei die Modifikation. des zweiten Pilot-Signals eine 
Multiplikation einea Pilot-Signals mit dem Komplex- 

. Konjugierten der zweiten Kanal- Schatzung umfasst- 
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5. Kalibrierungsverfahren nach einem der i^nspruche 1 bis 4, 
wobei der Korrekturvektor in Form einer kompaJcten 
Darstellung des Korrekturvektors ausgetauscht wird, 

6, Kalibrierungsverfahren nach einem der Anapruche 1 bis 5, 
wobei 'der erste Funkknoten (A) mit Antennen 
bereitgestellt ist und der zweite Funkknoten (b) mit 
Antennen bereitgestellt ist und wobei zumindest der 

-erste Funkknoten zumindest zwei Antennen aufweist, wobei 

bei dem ersten aendenden Schritt (605) die ersten 
Pilotsignale Spaltenvektoren aind; 

bei dem bestimmenden Schritt (610) eine erste 
Schatzung Hj^^^ der Kanal-Charakterietiken von dem 
ersten Funkknoten zu dem zwei ten Fimkknoten in dem 
zweiten Punknoten berechnet wird und eine zweite 
Kanalschatzung H^^^ der Kanal-Charakteristiken von 
.dem zweiten Funkknoten zu dem ersten Funkknoten in 
dem ersten Funkknoten berechnet wird; 

bei dem zweiten sendenden Schritt (611) der zweite 
Pilot Ps vor-multipliziert wird, gemifi zu: 

das an dem zweiten Funkknoten als Rs empfangen 
wird und wobei H*^^^ das Komplex-Konjugierte der 
zweiten Kanalschatzung ist, eine n^xn^ 
Diagonalmatrix ist, die einzelne Pilot-Signale 
enthalt und ein Einheitsspaltenvektor der 
Dimension ist; und 

bei dem sch^tzenden Schritt. (612) der 
Korrekturvektor basierend und H^_^g berechnet 
wird und Fehlerkorrekturterme fflr jeden der 
Antennen dea ersten Punkknotens umfasst, und 
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in dem Berechnungsschritt (620) Kanal- 
Korrekturfaktoren fiir jede Anteime basierend au£ 
dem Korrekturvektor berechnet warden - 

Kalibrierungsverfahren nach einem der Anspruche 1 bis 5, 
wobei der erste Funkknoten (A) mit Antennen 
bereitgestellt ist und der zweite Funkknoten (B) mit «» 
Antennen bereitgestellt ist und wobei zumindest der. 
erete Funkknoten zumindest zwei Tintennen aufweist, wobei 
die Funkkommunikation auf Einzelwert-Zerlegung (SVD - 
Singular Value Decomposition) baaiert und 

bei dem ersten sendenden Schritt (705) des ersten 
Pilot -Signals Spaltenvektoren vorliegen 

bei dem bestimmenden Schritt (610) eine erate 
Sehatzung H^^^ der Kanal-Charakteristiken von dem 
ersten Funkknoten zu dem zweiten Funkknoten in dem 
zweiten Funkknoten berechnet wird/ und eine zweite 
Kanal sehatzung H^,^^ der Kanal-Charakteristiken von 
dem zweiten Funkknoten zu dem ersten Funkknoten in 
dem ersten Funkknoten berechnet wird; 

bei dem zweiten sendenden Schritt (611) der zweite 
Pilot Pjy mit einem Vor-Filter Hl^^ vor- 
multipliziert wird, der das Kortrplex-Konjugierte der 
zweiten Kanalschatzung ist, das an dem zweiten 
Funkknoten empfangen wird ala 

bei dem schatzenden Schritt (713) • Korrekturvektoren 
in dem zweiten Knoten berechnet werden und auf 
Hs^A ™d ^A^B basien, wobei H^_^^ aus dem ersten 
Pilot -Signal geachatzt wird und Hl^^ aus 
geschatzt wird, und 
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bei dem Berechnungsschritt (720) Kanal- 
Korrekturfaktoren fttr jede Antenne basierend auf 
dem Korrekturvektoir berechnet werden. 

B. Kalibrierungsverfahren nach einetn der Anspriiche 1 bis 7, 
wobei der Korrekturvektor eine Darstellung von entweder 
Verzogerungafehlern, Phasenf ehlern Oder 
Atnplitudenfehlern oder eine Kombination von diesen 
Fehlern umfasst. 

Kalibrierungsverfahren nach einem der Anspruche i bis 8, 
wobei ein erster Teil des Schritts des Sendens von 
Kanal achat zsymbolen in einem ersten Sendezeitschlitz TXi 
durchgefiihrt wird, wobei der zweite Funkknoten einen 
Pilot Pc aendet, der von dem ersten Funkknoten empfangen 
wird, der in einem Empf angsmodus iet; und 

ein zweiter. Teil des Schritts des Sendens von 

Kanal achat z symbol en in einem zweiten Sendezeitschlitz 

TX2 durchgefiihrt wird, wobei der erste Funkknoten einen 

Pilot Pc, P^ Oder P^ sendet, der von dem zweiten 

Funkknoten empfangen wird, der in einem Empf angsmodus 
ifit. 

10- Kalibrierungsverfahren nach Anspruch 9, wobei der 
Schritt des Austauschene von Information zwischen den 
Funkknoten in einem dritten Sendezeitschlitz TX3 
durchgefuhrt wird, wobei der zweite Funkknoten in einem 
regularen Sendemodus ist und Information auf dem 
Punkanal zu dem ersten Funkknoten sendet, der in einem 
Empf angsmodus ist. 

11- Kalibrierungsverfahren nach Anspruch 10, wobei der erste 
Funkknoten den Funkkanal aus dem zweiten Funkkanal zu 
dem ersten Funkknoten H^^^ in dem ersten 
Sendezeitschlitz TXi sch&tzt. 
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12. Kalibrieningeverfahren nach Anspruch 10 oder 11, wobei 
der zweite Punkknoten den FunJckanal aua dem ersten 
Funkkanal zu dem zweiten Knoten H^^^ in dem zweiten 
Sendezeitachlitz TXj schatzt, 

« 

13. Kalibrierungsverfahren nach Anspruch 12, wobei der 
zweite Punkknoten waiter einen Korrekturvektor oder 
einen Korrekturterm in dem zweiten 
Ubertragungszeitschlitz TX2 schatzt- 

14. Kalibrierungsverfahren nach einem der Ansprtiche 10 bis 
13, wobei der Schritt des Berechnens eines 
Korrekturfaktors oder -f aktoren in dem ersten Punkknoten 
in dem dritten Zeitschlitz TX3 durchgeftihrt wird. 

15. Kotnmunikationasystem (800) zur drahclosen Kommunikation, 
wobei das System zumindest einen ersten Punkknoten und 
einen zweiten Punkknoten umfasst, die angeordnet werden 
konnnen, in Funkkommunikation mit jedem anderen zu sein, 
wobei daa Kommunikationssystem dadurch gekennzeichnet 
iBt, dass der zumindest eine Funk3cnoten mit der Hilfe 
des zweiten Punkknotens durch Verwenden des 
Kalibrierungfifverfahrena nach einem der Anspruche 1 bis 
14 kalibriert wird. 

16. Kommunikationssystem nach Anspruch 15, wobei der 
zumindest eine der Punkknoten des Systems eine 
Multiantennen-Konf iguration als angepasst fixx MIMO- 
baaierte Kommunikation verwendet. 

17. Punkkoten, angepasst zur drahtlosen Kommunikation in 
einem drahtlosen Netzwerk, wobei das Netzwerk zumindest 
einen weiteren Punkknoten umfasst, wobei der Punkknoten 
umfasst.: 
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ein austauachendes Modul (232) , das angepasst zum 
Bmpfangen zumindest einer ersten Funkkanalschatzung 
von dem zumindest weiteren Funkknoten iat; 

ein Kanal schatzendee Modul (224) , das angepasst 
zum Herstellen einer zweiten Funkkanal achat zung aus 
einem Funksignal ist, daa von dem Funkknoten 
empfangen wurde; 

ein berechnendes Modul (226),. das angepasst zum 
Berechnen eines Korrekturvektors/ -terms oder einer 
Oarstellung einer Funkkanal achat zung basierend auf 
der empfangenen ersten Funkkanal achat zung und der 
zweiten Punkkanalschatzung ist; xind 

ein kompensierendes Modul (234) zum Kompensieren 
von Funkubertragungen von dem Funkknoten mit 
2umindest einem Korrekturfaktor, der zumindest 
teilweise auf der berechneten Kalibrierung basiert, 

und das gekennzeichnet iat, durch 

ein Pilot sendendee Modul (228), daa angepasst zum 
Steuem der Ubertragung eines ersten Pilot-Signals 
und eines zweiten Pilotsignals ist, wobei das 
zweite Pilotsignal mit der zweiten 
FunkkanalachStzung modifiziert wird. 

18. Funkknoten nach Anspruch 17, wobei der Funkknoten waiter 
Vorrichtungen zum initiieren eines 

Kalibrierungspro2:esses umfasst, wobei die initiierenden 
Vorrichtungen angepasst sind, den Kalibrierungsprozess 
in vorbestimmten Zeitintervallen durchzuftihren 

19. Funkknoten nach Anspruch 17, wobei der Funkknoten weiter 
zum Initiieren eines Kalibrierungsprozesses umfasst, 
wobei die initiierenden. Vorrichtungen angepasst sind. 



Received at the EPO on Feb 27. 2007 1 1 :03:36. Page 9 of 18 



2007 02/27 10:54 FAX 018568333 



^ EPO 



SlOlO/018 



8 



den Kalibrierungsprozess als eine Antwort eines MaSes 
der Kommuxiikationsqualitat zu initiieren, die unter 
einem vorbestimmten Schwellwert 



20. Punkknoten nach einem der Anspriiche 17 bis 19, wobei der 
Funkknoten eiue Multiantennen-Konf igxiration verwendet. 

21, Punkknoten nach einem der Anepruche 17 bis 20, wobei der 
Funkknoten eine mobile Station (815) ist» 

22- Funkknoten nach einem der Anspnache 17 bis 20, wobei der 
Punkknoten eine Funkbasisstation (805) ist, 



23. Funkknoten nach einem der Anspruche 17 bis 20, wobei der 
Funkknoten eine Vermittlungastation iet. 
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REVENDICATIQMS 

1- Procfidfi d'fitalormage d'une partie d'Smission 
d'lin nceud dans xrn r€seau de communication sans fil, ce 
rSseau de conimunication comprenant au moins uri premier nceud 
5 radio et un deuxiStne nceud radio qui peuvent etre agencSs de 
fac?on a etre en radiocommunication I'un avec 1' autre, et 
dans lequel au moins \m noeud radio refoit des signaxjoc radio 
provenant de multiples antennes^ ce proc6d€ d'dtalonnage 
comprenant les Stapes suivantes : 
10 - emettre (605, 705) des premiers signaux pilotes k 

la fois a partir du premier noeud radio vers le deuxieme 
nceud radio et a partir du deuxieme nceud radio vers le 
premier nceud radio; 

- determiner (€10/ 710) dans le deuxiSme nieud radio 
15 une premiere estimation des caract6ri8tiques de canal & 

partir du premier nceud radio vers le deuxieme noeud radio, 
et dans le premier raeud radio determiner une deuxieme 
estimation des caractSristiques de canal A partir du 
deuxifeme niEud radio vers le premier nceud radio, cette 
20 determination itant basSe sur des premiers signaux pilotes 
re^us respectifs; 

- caiculer au moins un facteur de correction de 
canal dans le premier noeud radio sur la base des premiere 
et deuxiSme estimations de canal, 

25 le procSdg d'gtalonnage etant caraeterise par les 

6 tapes suivantes : 

- emettre (611, 711, 712) \in deuxieme signal pilote 
uiodifiS, a partir du premier noeud radio vers le detixiSme 
noeud radio, la modification Stant basee sur la deiixigme 

30 estimation de canal, 

- estimer des erreurs de transmission (612, 713) 
dans le deuxiSme noeud radio, cette estimation fitant basSe 
sur la premiere estimation de canal et le deuxiSme signal 
pilote re^u, et calculer un vecteur de correction avec des 

35 termes de correction pour chacune des multiples antennes, 
sur la base des erreurs de transmission; 
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- echang&r (615, 715) le vecteur de correction a 
du deuxiSme noeud radio vers le premier ijoeud radio; 



en ce que I'Stape de calcul de facteurs de 
correction (620, 720) cotnprend le calcul d»un facteur de 
correction poair chaque antenne, les facteurs de correction 
6tant bas«s au moins partiellement sur les termes de 
correction respectifs dans le vecteur de correction, 
lesdits facteurs de correction fitant adaptfi© pour 
1' utilisation dane des SmissionB a partir du premier ncBud 
radio vers le deuxigme noud radio. 

2, ProcSdS d'etalonnage selon la revendication 1, 
dans lequel le proc§de d'gtalonnage est lance k des 
intervalles de temps prSdStexminfis . 

3, Proc6d6 d*6talonnage selon la revendication 1, 
dans lequel le proc€d6 d'.etalonnage est lajicfi en tanc que 
rgponse au fait qu»une mesure de quality de communication 
est infSrieure a une valeur de seuil pr&deterrainge . 

4, ProcSd^ d»etalonnage selon I'une cjuelconque des 
revendications 1 a 3, dans lequel la modification du 
deuxiSme signal pilots comprend une multiplication d'un 
signal pilote par le conjuguS complexe de la deuxiSme 
estimation de canal. 

5, Procede d ' Stalonnage selon I'une quelconque des 
revendications 14 4, dans lequel le vecteur de correction 
est fichangfi sous la forme d»une representation compacte du 
vecteur de correction, 

6, Proc6d§ d'§talonnage selon I'une quelconque des 
revendications 1 a 5, dans lequel le premier nxsud radio (A) 
est equips de antennas et le deuxiSme nceud radio (B) est 
6quip6 de antennes, et dans lequel au moins le premier 
nceud radio a au moins detix antennes, dans lequel ; 

- dans la premiere gtape d* Emission (605) les 
premiers signaux pilotes, p^, sont des vecteurs colonne; 

- dans l^etape de determination (610) une premiere 
estimation H des caracteristiques de canal a partir du 
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premier naud radio vers le deuxiSme nceud radio est calculSe 
dans le deuxiime noaud radio, et une de^«ieme estimation de 
canal & dee caracnSristiques de canal k partir du 

deuxiSme noeud radio vers le premier nceud radio est calcul6e 
5 dans le premier nceud radio ; 

- dans la dexoxiSme etape d* emission (eii) le 
de\jxiSme pilote, P^, est pre-raultiplie conformement a : 

P9 ' H - 1^^ i 

ce qui sera re^u comme Rs au dexncieme noeud radio, et dans 
10 cette egression H'b^ est le conjugu^ * complexe de la 
deuxi&me estimation de canal, est une matrice diagonale 
de X Da contenant signaux pilotes individuels, et 1„ 
est un vecteur colonne ne contenant que des 1, de dimension 
riB; 

IS - dans l'6tape d'estimation (612), le vecteur de 

correction est calculi sur la base de et Ha^s et 

comprend des termes de correction d'erreur pour chacune des 
antennes du premier noeud radio; et 

- dans 1' etape de calcul (620) des facteurs de 
20 correction de canal poixr chaque antenne sont calculus sur 

la base du vecteur de correction , 

7 . Proc6d6 d • Stalonnage selon 1 • une quelconque des 
revendication 1^5, dans lequal le premier noeud radio (A) 
est &quipe de iia antennes et le deuxigme noeud radio (B) est 

25 equipe de Hb antennes, et dans lequel au moins le premier 
noeud radio a au moins deux antennes, dans lequel la 
radiocommunication est basSe sur vine Decomposition en 
Valeurs SinguliSres (SVD pour "Singular Value 
Decomposition"), et 

30 - dans la premiSre 6tape d'emission (705) les 

premiers signaux pilotes, P^, sont des vecteurs colonne; 

- dans l'6tape de determination (610), une premiSre 
estimation^ Ha^/ des caractferistiques de canal ^ partir du 
premier noeud radio vers le deuxiSme ncsud radio est calcul^e 

35 dans le deiixiSme noeud radio, et une deuxiSme estimation de 
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canal H des caracteristiqiues de canal a partir du 
deuxiSme rnaud radio vers le premier noeud radio est calculge 
dans le premier noeud radio; 

- dans la deuxiime 6tape d' amission (6ii) le 
5 deuxiSme pilote, P^, est pr6-multiplig par un prfe-filtre, 

H qui est le conjugue complexe de la deuxiSme 

estimation de canal, ce qui sera repu au deuxiSme noeud 
radio sous la forme 

10 - dans I'fitape d* estimation (713) le vecteur de 

correction est calcule dans le deuxieme noeud et bas6 sxir 
H et Ha^, avec estime Sl partir du premier signal 

pilote et ir'a^ estime a partir de R^; et 

- dans l'£tape de calcul (720), des facteurs de 
15 correction de canal pour chaque antenne eont calculus sur 

la base du vecteur de correction. 

8* Froc&6€ d'Stalonnage selon l*une q[uelconque des 
revendications 1 k 1 , dans lequel le vecteur de correction 
comprend une representation d*erreurs de retard, d'erreurs 
20 de phase ou d'erreurs d* amplitude, ou une combinaison de 
ces erreurs. 

9. ProcSdS d^Stalonnage selon I'une quelconque des 
revendications 1^8^ dans lequel xme premiere partie de 
I'fitape d' emission de symboles d' estimation de canal est 

25 effectuSe dans un premier crfineau temporel d* emission TXi, 
dans lequel le deuxieme noeud radio 6met un pilote^ Fe, qui 
est re?u par le premier noeud radio, qui est dans un mode de 
reception; et 

une deuxiime partie de I'etape d' Emission de 

30 symboles d' estimation de canal est effectufie dajis un 
devDcieme creneau temporel d' Emission TX^, dans lequel le 
premier ncsud radio £met \m pilote, Pc, Pa ou Ps qui est re^u 
par le deuxidme noeud radio, qa± est dans un mode de 
reception. 
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10. Proc6d€ d ' fetalonuage selon la revendication 9, 
dans lequel I'fitape d»6change d • information entre nceudB 
radio est effeccu^e dans un troisifeme crSneau temporel 
d' emission TXa, dans lequel le deiixiSme naud radio est en 

5 mode d' emission normal et emet de 1 • information sur le 
canal radio vers le premier nceud radio, qui est en mode de 
reception. 

11. ProcSdfi d'Stalonnage selon la revendication 10, 
dans lequel le premier noeud radio estime le canal radio 

10 allant du deuxi^me canal radio vers le premier nceud radio, 
Ms^, dans le premier creneau temporel d* Emission TXi. 

12. ProcfidS d'Stalonnage selon la revendication 10 
ou 11, dans lequel le deuxiSme noeud radio estime le canal 
radio allant du premier canal radio vers le deuxifeme iweud 

IS radio, Ha^, dans le deuxiSme erfineau temporel d' Emission 

13. Precede d'^talonnage selon la revendication 12, 
dans lequel le deuxieme noeud radio estime en outre un 
vecteur de correction ou \m terme de correction dans le 

20 deuxifeme crSneau temporel d* Emission TX2- 

14. ProcSdfi d*6talonnage selon l*une qpielconque des 
revendieations 10 ^ 13, dans lequel I'^tape de calcul d»un 

. facteur ou de facteurs de correction dans le premier noeud 
radio est ef f ectuSe dans le troisiSme crineau temporel 
25 d* Emission TX3 . 

15. SystSme de communication (800) pour la 
communication sans fil, le syst&me comprenant au moins un 
premier noeud radio et uri deuxiime noeud radio qui peuvent 
etre agencSs pour fitre en radiocommunication I'un avec 

30 1* autre, ce systeme de communication €tant caract6ris6 en 
ce que I'au moins un premier noaud radio est Stalonne avec 
I'aide du deuxidme noeud radio, par 1 'utilisation du procedfi 
d*6talonnage conforme & I'une quelconque des revendieations 
1 a 14. 

35 16. Systeme de communication selon la revendication 

15 ^ dans lequel I'au moins un des noeuds radio du systeme 
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Utilise une configuration mult i- ant enne adaptee pour la 
communication bas6e sur la technique d« entrees multiples et 
sorties multiples ou MIMO. 

17. McBud radio adaptg pour la comniunication sans 
5. fil dans un rfiseau sans fil (800), ce rfiseau comprenant au 

moins un naud radio supplementaire , le noud radio 
comprenant : 

- un module d<6ehange (232) adapts pour recevoir au 
moins une premifire estimation de canal radio provenant au 

10 moins du premier nceud supplSmentaire; 

- un module d* estimation de canal (224) adapts pour 
produire une deuxiSme estimation de canal radio a partir 
d'un signal radio regu par le nceud radio; 

- un module de calcul (226) adapts pour calculer un 
15 vecteur / terme de correction ou xine representation 

d* estimations de canal radio basSe sur la premiere 
estimation de canal radio regue et la deuxigme estimation 
de canal radio; et 

- im module de compensation (234) pour compenser 
20 des emissions radio provenant du noeud radio avec au moins 

xm facteur de correction qui est au moins partiellement 
base sur l'6taloimage calculS, 
et etant carac^xise par ; 

- un module d' emission de pilote (228) adapte pour 
25 commander 1* emission d'un premier signal pilote et d'un 
deuxieme signal pilote, le deuxiime signal pilote Stant 
modifie avec la deuxidme estimation de canal radio. 

18. Noeud radio selon la revendication 17, dans 
lequel le noeud radio comprend en outre un moyen pour lancer 

30 un processus d'etalonnage, ce moyen de lancement etant 
adapte pour lancer le processus d'etalonnage k des 
intervalles de temps predetermines, 

19. Noeud radio selon la revendication 17, dans 
lequel le noeud radio comprend en outre un moyen pour lancer 

35 un processus d^ etalonnage, ce moyen de lancement Stant 
adapte pour lancer le processus d'Stalonnage comme rSponse 
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au fait qu'une mesure de qualitg de communication est 
infSrieure & une valeur de seuil prfideterminSe. 

20. NcEud radio selon I'une quelconque des 
revendications 17 a 19, dans leqael le noeud radio utilise 

5 une configuration multi-antenne« 

21. NGBud radio selon I'une quelconque des 
revendications 17 a 20, dans lequel le nceud radio est une 
station mobile (815) . 

22. NcEud radio selon l^une quelconque des 
10 revendications 17 4 20, dans lequel le nceud radio est une 

station de base radio (805) . 

23. Ncsud radio selon l*une c[uelconque des 
revendications 17 4 20, dans leqael le ntiBud radio est une 
station relais (810) . 
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Field of Invention 

The present invention relates to a method and airangement to enhance the communication 
perfoimance in wireless communication systems. In particular, the present invention relates to 
the reciprocity of bidirectional communication channels. 

1 0 Background of the Invention 

The demand for traffic capacity, coverage and reliability in the wireless communication 
systems is seemingly ever-increasing. One bottleneck in the traffic capacity is the limited 
frequency spectrum available for communication purposes, the limitation being both physical 
- only part of the frequency spectrum is suitable for conunimication and the infomiation 

IS content per frequmcy and time is limited, and organisational- the usefril part of the spectrum 
is to be used for a number of purposes including: TV and radio broadcast, non-public 
communication such as aircraft commimication and military conununication, and the 
established systems for public wireless communication such as GSM, third-generation 
networks (3G), Wireless Local Area Networks (WLAN) etc. Recent development in the area 

20 of radio transmission techniques for wireless communication systems show promising results 
in that the traffic capacity can be dramatically increased as well as offering an increased 
flexibility with regards to simultaneously handling different and fluctuating capacity needs. 
Several promising techniques are Multiple-Input-Multiple-Output (MEMO) see for example 
A. Goldsmith et al. "Capacity Limits of MMO Channels", IEEE Journal on Selected Areas of 

25 Comm. , VOL. 21, NO. 5, JUNE 2003, and coherent combining based cooperative relaying, 
see for example Peter Larsson, ."Large-Scale Cooperative Relaying Network with Optimal 
Coherent Combining under Aggregate Relay Power Constraints", in Proc. Of Future telecom 
Conference, Beijing, China, 9-10/12 2003. Compared to presently used transmission 
techniques such as TDMA (as used in GSM) and WCDMA (as used in UMTS), the above 

30 exemplified technique represents a much better usage of the available radio frequency 

spectrum. As an example of the capabiUties of, but also the requirement set forth by, the new 

» 

transmission techniques, the MIMO wireless systems will be briefly described with ref^ences 
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to FIG. 1 (prior art). A comprehensive description of the basic principles as well as recent 
development and areas of research of MIMO is to be foxind in the above referred article by A. 
Goldsmith et al. 

A radio link in a MIMO system is characterized by that the transmitting end as well as the 
5 receiving end is equipped with multiple antenna elements, as illustrated in FIG. 1 . The idea 
behind MIMO is that the signals on the transmit (JX) antennas at one end and the receive 
(R50 antennas at the other end are "combined" in such a way that the quality (bit-error rate, 
BER) or the data rate (bits/sec) of the communication for each MIMO user will be improved. 
Such an advantage can be used to increase both the network's quality of service and the 

1 0 operator's revenues significantly. A core idea in MIMO systems is space-time signal 
processing in which time (the natural dimension of digital communication data) is 
complemmted with the spatial dimension inherent in the use of multiple spatially distributed 
antomas. A key feature of MIMO systems is the ability to turn multipath propagation, 
traditionally regarded as a limiting factor in wireless transmission, into a benefit for flie user. 

1 5 MIMO efifectively takes advantage of random fading and when available, multipath delay 
spread, for multiplying transfer rates. Also schones such as Transmit Diversity scheme with 
Rich Feedback (TDRF) and coherent combining based cooperative offer a dramatic increase 
in capacity and/or quality, as described in "Capacity achieving transmitter and receiver pairs 
for dispersive MISO diannels" by K. Zangi and L. Krasny, IEEE Trans. Wireless Commun., 

20 July 2002 and in "Optimal and Reduced Complexity Receivers for MISO Antenna Systems" 
by L. Krasny, S. Grant and K. Mohiar, Proceeding IEEE Globecom 2003. The prospect of 
significant improvanents in wireless conamunication performance at no cost of extra 
spectrum (only hardware and complexity are added) has naturally attracted widespread 
attention. 

25 The transmittiag principles of a multiantenna system will be described with reference to the 
schematic illustration of Fig. 1 . A compressed digital source in the form of a binary data 
stream 105 is fed to a transmitting block 110 encompassing the fimctions of error control 
coding and (possibly joined with) mapping to complex modulation symbols (quaternary 
phase-shift keying (QPSK), M-QAM, etc.). The latter produces several separate symbol 

30 streams which range firom independent to partially redundant to fially redundant. Eacsh is then 
mapped onto onie of the multiple TX antennas 115. Mapping may include linear spatial 

14/07/2005^ 



-Printed: 14/08/2006 

]n wo 2005/064871 



A1PAMPHLET 



04804263 



PCT/EP2004/014669 



10 



15 



20 



25 



weigbtmg of the antenna elements or linear antenna space-4ime precodiag. After upward 
frequency conversion, filtering and amplification, the signals are laimched into the wireless 

4 

channel, N TX antennas 1 15 are used, and the transmitting block 110 may typically comprise 
means for N simultaneous transmissions. At the receiver, the signals are preferably captured 
by multiple antennas (M) 120 and demodulation and demapping operations are performed in 
the receiving block 125 to recover the message. The level of intelligence, complexity, and a 
priori channel knowledge used in selecting the coding and antenna mapping algorithms will 
vary a great deal depending on the application. This determines the class and performance of 
the multiantenna solution that is impl^ented. 

Naturally, the multiantenna systems offer a transmit-receive diversity gain, similar to the 
existing smart antenna systems, but can also offer a fundamentally new advantage in the 
exploration of the space-time. This can be seen as the multiantenna systems transmit data over 
a matrix channel rather than a vector channel. The signal model of this type of multiantenna 
system can simplified be described as: 



r = Hs+n 



(1) 



wherein, r is the Mx 1 the received signal vector, s is the Nx 1 transmitted signal vector and 
n is an vector of additive noise terms, e.g. white Gaussian noise, and H is the x chaimel 
matrix for the transmitted signals betiveen the transmitter and the receiver. 

The multiplexing alone is as previously mentioned, not enough for achieving the dramatic 
increase in gain. Advanced coding/decoding and mapping schemes, i.e. the space-time 
coding, is essential. A knowledge of the radio channel is needed for the decoding already in 
today's existing wireless systems such as GSM and UMTS, and in the multiantenna systems 
this knowledge is absolutely critical. In some of the most promising implementation proposals 
for MIMO, the knowledge of the channel, represented by H, is used not only in the decoding 
performed in the receiver side, but also in the coding on the transmitting side as described in 
D. Gesbert et al. "From Theory to practice: An Overview of MIMO Space-Time Coded 
Wireless Systems", IEEE Journal on Selected Areas of Comm., VOL. 21, NO. 3, April 2003 
and in WIPO publication nr WO 03005606. 
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The knowledge of &e characteristics of the channel matrix H at the transmitter can be used to 
optimize coding and mapping. Not only MIMO systems exploits precise channel state 
information (CSI), but also for TDRF and coherent combining based cooperative relaying 
that inherently uses CSI knowledge for optimizing respective communication perfomiance. A 
S forward channel may typically be characterized ei&er by sounding the channel in the forward 
direction with some training signal and then receive feedback from the other station informing 
about the channel charactmstics, or by receiving a training signal from the other station and 
acquire knowledge of transmit power. The first alternative can provide a good estimate of the 
channel characteristics, but at the same time does the transmission of the characteristics of H 
10 take up valuable transmission resources. Therefore, a compronaise between the increase in 
gain and the increase in control signalling over payload signalling is typically considered in 
for example determining suitable update frequency for the characteristics of H. The latter 
alternative uses less transmission recourses, but relies on the assumption that the channel is 

« 

reciprocal, i.e. that amplitude and phase are identical regardless of transmission direction. 

1 5 This is e.g. the case in a TDD channel (time division multiplexing) within the chaimels 

coherence time. This is particularly true, and of interest, when multiple anteimas are used at a 
first station and only one (or fewer) anteimas are used at the other station, as also the number 
of training sequences can be diminished. This is also of great interest for coherent combining 
based cooperative relaying, as potentially large number of relays (possibly equipped with only 

20 one or with few anteimas) are exploited while communicating to a user with only one or a few 
antennas. 



Summary of the Invention 

The reciprocity assimiption, as discussed above and in the referenced docimi^ts, is widely 
25 accepted and used to effectively estimate the channel. However, in realistic situations, given 
e.g. non-perfect transmitter-receiver chains, the reciprocity might not hold. Thus, there is a 
obvious need for achieving a suitable estimate of the channel, for example characterised by 
the channel matrix H, wherein the estimate characterize the complete transmitter-air interface- 
recdver chain. 

6 i 14/07/2005 



wo 99/S7820 discloses a method of calibrating mainly the transmitting and receiving parts of 
a basestation to achieve reciprocity in the uplink and downlink communication. Also the 
electronics in the transmitting and receiving parts of a subscriber unit may be accounted for, 
giving calibrations of basestation - subscriber unit pairs. The method according to WO 
99/57820 comprises of transmitting a calibration bursts from basestation to a subscriber unit 
and from the subscriber unit to the basestation^ determining "downlink signature estimate'* 
and/or ''downlink signature estimates" based on the calibration burst(s)and sending the 
"downlink signature estimate** to the base station, which uses the signature estiinate(s) to 
calibrate its transmission-receiving chain to achieve reciprocity. 
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The object of flie present invention is to provide a method, radio nodes, system and programs 
that overcomes the drawbacks of the prior art techniques. ^This is achieved by the a method as 
defined in claim 1 , the system as defined in claim 21, the radio node as defined in claim 22 
and the program product as defined in claim 1 8. 

S The method according to the invention provides a method of calibrating at least one first radio 
node in a wireless communication network. The communication network comprises at least a 
first radio node and a second radio node, which can be arranged to be in radio communication 
with each other. The calibration method is based on that at least one representation of radio 
channel characteristics has been exchanged from one radio node to the other. 

1 0 One embodiment of the invention comprises the steps of: 

-transmitting channel estimation symbols, or pilots, firom at least the second radio node to tbe 
first radio node over a radio channel; 

-calculating at least one r^resentation of the radio channel characteristics in at least the 



second radio node; 

15 -exchanging at least one representation of the radio channel characteristics from one of the 
radio nodes to the other radio node; 

-compensating radio transmissions from the first radio node with at least one correction factor 
which is at least partly based on the exchanged representation of the radio channel 
dbaracteristics. 

ft 

20 The mefliod may fiirther, which corresponds to a farther embodiment, comprises a step of: 

-estimating transmission errors in the second radio node, based on the received pilot signals in 
the first and second form, and calculating a correction vector with correction terms for 
respective antenna of the first radio node. Optionally the first radio node uses dedicated pilots 
which has been modified to faciUtate the error estimation in the second radio node. 

25 The communication system according to the present invention comprises at least a first radio 
node and a second radio node enable of transmitting and receiving radio signals and the first 
and second radio nodes can be arranged to be in radio communication with each other. The at 
least first radio node is calibrated with the aid of the second radio node, wherein the first radio 
iiode bases the calibration on at least one representation of radio channel characteristics which 

30 has been exchanged from second radio node. 
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The radio node according to the present invention is adapted for wireless commxmication in a 
wireless network. The network comprises at least a second radio node and the first radio node 
capable of and the second radio node are capable of transmitting and receiving radio signals 

4 

and can be arranged to be in radio communication with each other. The at first radio node is 
5 calibrated with the aid of the second radio node, wherein the first radio node bases the 
calibration on at least one rqpresentation of radio channel characteristics, which has been 
exchanged from second radio node. 

According to one embodiment of the invention the radio node comprises calibration initiating 
means for identifying a need for calibrating the radio node, channel estimating means. for 

1 0 producing radio channel estimates firom radio signals received by the first radio node, and 

exchanging means for exchanging representations of the radio channel estimates or correction 
terms/vectors to other radio nodes. The channel estimating means and flie exchanging means 
are preferably in communication with the receiver, and with calculating means for calculating 
a correction vector/tenn or a representation of a radio channel estimates, based on received 

15 radio channel estimate provided fix)m the exchanging means and/or the intemally determined 
chaimel estimate provided from the channel estimating means. The radio node fiirther 
comprises pilot transmitting means for controlling the transmission of chaimel estimation 
symbols, or pilots, to the other radio nodes, and compensating means for compensating radio 
transmissions from the radio node with one, or a set o^ correction factor(s). The transmitting 

20 means and the compensating means are preferably in communication with the transmitter, 
which also is in commimication with the exchanging means. The compensating means is 
fiutfaer in commimication with the calculating means. 

Thanks to the invention inaccuracies and differences in transmit receive chains can be 
compensated, .whereby achieving reciprocity between the two radio nodes. The calibration 
25 may be used also in communication with other radio nodes and reciprocity is maintained also 
in these communications. 

One advantage afforded by the present invention is, since reciprocity is ensured, fliat methods 
for optimizing coding and mapping at the transmitter which requires an accurate forward 
channel estimation, can be used. 
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The described methods have the additional advantage tiiat it can be used for relative 

communicate. A typical example is coherent 

combimng based cooperative relaying. 

Embodiments of the invention are defined in the dependent claims. Other objects, advantages 
5 and novel features of the invmtion will become apparent firom the following detailed 

description of the invention when considered in conjunction with tiie accompanying drawings 
and claims. 
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Brief Description of the Drawings 



The invention will now be described in detail with refer^ce to the drawing figures, wherein 

Fig. 1 is a schematic view of a multiantenna system (prior art); 
Fig. 2a is a schematic view of two radio nodes according to the invention engaged in 
5 communication, and Fig. 2b is a schematic illustration of functional modules in a radio node 
according to the invmtion; 

Fig. 3 is a message sequence chart illustrating the method according to the present invention; 
Fig. 4 is a message sequence chart illustrating the method according to a first embodiment of 
the present invention; 

10 Fig. 5 is a message sequence chart illustrating the method according to a second embodiment 
of the present invention; 

Fig. 6 is a message sequence chart illustrating the method according to a third embodiment of 
the present invention; 

Fig. 7 is a message sequence chart illustrating the method according to a fourth anbodiment 
15 of the present invention; and 

Fig, 8 is a schematic view of wireless system wherein entities uses the calibration method 
according to the present invention; 

Fig. 9 is a schematic illustration of transmissions between two entities using &e method 
according to the present invention. 

20 

Detailed Description of the invention 

Two nodes in a wireless communication network, station A 210 and station B 220, which are 
in simultaneous communication with eadi other, are schematically illustrated in FIG. 2. 
Station A 210 comprises a transmitter 212 and a receiver 214. Station B 220 comprises a 

25 transmitter 222 and a receiver 224, The transmitter 212 of the station A 210 and the receiver 
224 of station B 220 makes up a first transmitter-receiver chain, and the transmitter 222 of the 
station B 220 and the receiver 214 of station A 210 the second. As previously described the 
transmission can be characterized by the channel matrix but as shown here in FIG. 2. it 
degenerates to a scalar complex valued channel. The end-to end channel for a transmitter- 

30 receiver chain may be described as consisting of essentially three parts relating to the 
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transmitter, the air interface and the receiver. The parts relating to the transmitter and the 
receiver will be referred to as internal channels. This approach takes into account that the 
signal is affected not only in the air interface, but also in all parts of the transmitter-receiver 
chain such as in the transmitter/receiver and antenna feeders etc. The channel (in ttie 
frequency domain and hence generally a dependency with respect to frequency) from station 
A to in the example depicted in FIG. 2, may be described a 



H 



Hru • H J 



AJX '^CH'^BJiX 



(2) 



and the channel from B to A is 



^B^A -^B,TX '^CH '^AJUC 



(3) 



10 M^erein H^^xx characterize the transmitter 212 of station A 210, /fe^rA^ characterize the 

transmitter 222 of station B 220, HA,Rxis the channel mattix characterizing the receiver 214 of 
station A 210 and Hbjuc characterize the receiver 224 of station B 220. Hch characterize the 
radio propagation channel The terms relating to the transmitters and receivers H^rx , Hb.tx > 
Ha,rx and Hb,rx not limited to the effect on the signal within the actual transmitter or 

1 S receiver, they should preferably comprise a characterisation of all essential channel effects 

within respective statioxL The channels are here diaractetized with matrixes, which is relevant 
if any kind of MIMO communication is used. In particular, the transmit-receive diains are 
characterized as diagonal matrixes, whereas Hch is a full matrix. However, the observation 
that not only the air interface but also the transmitting/receiving parts effect the channel is 

20 valid also in other cases such as MISO, SIMO and SISO systems, for which the matrixes at 
the single antenna side reduces to a scalar. It is a fundamental property of an isotropic 
mediimi, such as the radio channel, that it exhibits reciprocity, reflected in that Hch is the 
same in both directions. However, since neither Hajx can be assumed to be equal Hbjx^ox 
Hamx oan be assumed to be equal Hb^rx^ due to unavoidable differences in the components, the 

25 channel firom station A 210 to station B 220, H^_^^ , can not be assumed to be equal the 

channel from station B 220 to station A, Hs-^a- In oHher words H^_^s * ^^b-^a ^ generally 
valid and the channels are not reciprocal. Even if the equipment at one time is calibrated so 
what the internal channels Ha,ix = Hb.ix and Harx'^Hbjx at fliat time, drift due to 
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temperature, huioidity, ageing of components, for example, will cause the channels to become 
non-reciprocal. 

In the method according to the present invention external calibration of the transmitters and 
possibly also the receivers is introduced. This is possible because the transmitter and receiver 
5 internal channels Ha.tx, Hs,7x, Ham^ and Hb.rx are stationary over long term and changes are 
primarily due to temperature drift, humidity etc. These changes typically occur on timescales 
such as hours, days, or at the fastest, minutes and can be consider as vay slow compared to 
other characteristic timescales in the system such as changes in the air interface, power 
control changes and conmaunication speed, for example. The calibration according to the 
1 0 invention may take place on a regular basis or as a response of a signal from a controlling 
entity upon, for example, a detected degradation in communication performance (such as 
throughput) or detection by other means. The communication between flie calibration 
instances is only affected in the sense that calibration fectors are included in each 
transmission. 

1 5 The radio node 210 described with reference to FIG. 2a is according to the present invention 
adapted to utilize the method according to the invention. A radio node capable to be calibrated 
and to participate in the calibration of another node, which is a preferred embodiment, is 
schematically depicted in FIG. 2b. The below described modules should typically be regarded 
as software defined functional modules in the digital processing parts of the radio node, i.e. 

20 not necessarily physical entities. The radio node preferably comprises a calibration initiating 
module 222 for identifying a need for calibratiag the radio node, channel estimating module 
224 for producing radio channel estimates fiom radio signals received by the first radio node, 
and exchanging module 232 for exchanging representations of the radio channel estimates or 
correction t^ms/vectors to other radio nodes. The channel estimating module 224 and the 

25 exchanging module 232 are preferably in commxmication with the receiver 2 1 4, and with 
calculating module 226 for calculating a correction vector/term or a representation of a radio 
channel estimates, based on received radio channel estimate provided firom the exchanging 
module 232 and/or the internally determined channel estimate provided fi-om the channel 
estimating module 224. The radio node further comprises pilot transmitting module 228 for 

30 transmitting channel estimation symbols, or pilots, to the other radio nodes, and compensating 
module 234 for compensating radio transmissions from the radio node with one, or a set o£ 
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cx>rrection factor(s). The transmitting module 228 and the compensating module 234 are 
preferably in commiinication with the transmitter 212, which also is in communication with 
the exchanging module 232. The compensating module 234 is further in communication with 
the calculating module 226. The functionality provided by the above described modules can 
5 be achieved by a plurality of different implementations, of which the above is a non-limiting 
example. 

The steps of the method according to the present invention, offering a method of external 
calibratipn of a.station will be described with references to the message sequence chart of 
FIG. 3 and the schematic illustration of FIG, 2a and b. In the ex^nplary system depicted in 

1 0 FIG. 2 only one transmitter and one receiver is provided in each station. The result of the 
steps is a calibration of the transmitt^: of station A. This is a non-limiting example and the 
inventive method is not limited to this case, on the contrary, as pointed out in the background 
section, to be able to use the reciprocal assumption is of very hi^ importance in multiantenna 
systems, and flie method easily extendable to such sj^ems. The method of calibration 

IS comprises the steps of: 

300: Initiate the calibration process. 

The calibration process can be initiated in predetermined time intervals, wherein a suitable 
predetermined time interval can be set based on experience and assumptions on e.g. climate. 
Alternatively the calibration process can be initiated on demand from e.g. a system 

20 controlling entity, which has recorded some measure of communication degradation from one 
or more nodes, e.g. a high average BER or a change in average BER, The calibration may 
also be triggered based on climatic changes, such as surrounding temperature or temperature 
changes of communication eqmpment. Moreover, the transmitter also has knowledge of 
transmission history (time and duration of transmission), used transmit power as well as 

25 potential future transmission and can use this to trigg^ any calibration. Further, calibration 
errors (such as phase deviations) may be detected at the receiver for each transmit antenna, 
and when exceeding a predetermined tiireshold of deviation a calibration event is instantiated. 
The need for calibration is typically recognized in the caUbration initiating module 222 of the 
radio node, but may be detected external from the racKo node, and the radio node informed, by 

30 suitable means, of a required calibration. 
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305: Tianszoit channel estimation symbols, P. 

Channel estimation symbols i.e. symbols known by both the transmitter and receiver, e.g. in 
the form of a pilot signal, are transmitted from station B 220 to station A 210, and/or from 
station A 210 to station B 220. Many systems have an existing common pilot channel that can 
5 be used for the calibration purpose. Pilot transmitting module 228 controls the transmission of 
pilots. 

3 10: Channel estimation. 

Calculate a chaimel estimate H from the result of the transmission of P, which chamel 
estimate H comprises the complete transmitter-air interfece-receiva: chain. H^^^g , the 

10 chaimel estimate for a signal from station A 210 to station B 220, and/or Hb-^a > ^® channel 

estimate from station B 220 to station A 210, may preferably be calculated. The channel 
estimating module 224 of the radio node performs the estimations. 

315: Exchange information between stations. 

The statioiis exchange information extracted from the channel e5timate(s) Ha^b and/or 
in order to fecilitate a calculation of a correction factor to be used for the transmission by 
station A. Preferably, the receiving station (station B 220) sends a representation of the 
chaimel estimate H^^^^ to station A 210, or altematively station B 220 sends a representation 
of a correction factor. The representations are preferably sent in a compact form, in order to 
not take up more transmission resources than necessary. The exchanging module 232 prepares 
20 and controls the exdiange of information relating to the radio channels between different 
nodes. 



25 



320: Calculate channel correction factor. 

A channel correction factor, taking into account the exchanged information on channel 
estimates, is calculated in calculating module 226. 

325: Compensate transmission with channel correction &ctor. 

Station A 210 compensates every transmission to B with the channel correction factor, giving 
an effective channel H^"^ . Since channel reciprocity holds, = H^^j^ , with the 



compensated transmission, station A 210 may now measure on pilots (channel estimation 
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symbols) fiom B for the estimate of needed to e.g. enhance coding and mapping. The 

channel collection factor is used at least until a new caUbration process is initiated. The 
compensation can be seen as an adjustment of the transmitter 212 controlled by the 
compensating module 234. 

5 The calibration process has been exemplified with a calibration of the transmitter in station A, 
to give reciprocal conditions for the communication to and from station B. Naturally, the 
calibration process can be used to calibrate station B. The calibration process described above 
can be extended to a multiantenna (multi TX and/or KX) systems. This will be fiirfher 
discussed in the below description of different embodiments of the invention. It has further 
10 ^ been assumed that non-linear characteristics, e.g. due to non-linear power amplifier operation, 
can be neglected. 

The above described calibration process may readily be adapted to different implementations 
of wireless networks. Such adoptions will be exempUfied with different embodiments of the 
invention. 

15 In a first embodiment of the method according to the present invention, described wifli 

references to FIG. 4, diannel estimation symbols are sent both from station A 210 to station B 
220 and from station B to station A. Therefore estimates in both directions, H^^g and H^^^ , 
can be produced (corresponding to step 310). 

After the channel estimatioh the stations exchange its channel estimation data, e.g. station B 
20 send H^^^ to station A (step 315). Based on H^^^ aheady avaQable at station A and the 
received H^^^, a channel correction factor can be determined (step 320) according to: 

^Corr - ^ - -rr^ = -;r-^ (4) 

A si^ iS , to be transmitted from A to B, is pre-multiplied with Hcon resulting in the 
received signal (step 325): 

25 R^ffA-^B-ffcorr-S + N (5) 
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,wli^e N is receiver noise. It is seen that the effective channel is modified into the reverse 
channel according to: 

* ^Byx ' HcH 'Hajuc = Hs-^A 

« 

Hence asff^^ =ff^^^, the channels are now reciprocal, it is possible to use the estimate of 

5 the channel in direction B to A, perform any operation on the signal to be transmitted based 
on H^^^ and sending the it over the effective chaimel H^^^ from A to B. 

The embodiment of the invention preferably comprises, as illustrated in the message sequence 
chart of FIG. 4, the steps of: 

405 (corresponding to step 305): Transmit channel estimation symbols, P. 
10 Pilot signals are transmitted from station B 220 to station A 210, and from station A 210 to 
station B 220. 

,410 (310): Channel estimation. 

Hj^^B is calculated at station B 220 and jy^^^, is calculated at station A 210. 

4 1 5 (3 1 5): Exchange information between stations. 
1 5 Station B 220 sends a representation of the channel estimate j to station A 2 1 0, 
preferably in a compact form. A compact rq)resentation can be used as the major 
characteristics of the cannel are known, e.g. from H^^^ , and only part of the estimate, e.g. 

a o 

significant deviations, need to be transmitted. 

■ 

420 (320): Calculate channel coirection factor. 
20 Station A 2 1 0 calculate the correction factor, /f^,^ , according to equation (4). 

425 (325): Compeosate transmission with channel correction factor. 

Station A 210 compensates every transmission to B with the channel correction factor Hcorr > 

giving an effective channel , which ensures, as shown in equation (6), reciprocity. 
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The embodiment may be extended to MIMO by perforaiing the same procedure for each 
antenna element combinations. With M TX and N KX. antennas, the total number of 
caUbrations is M times N. 

In a second embodiment of the method of the invention, described with references to the 
5 signalling scheme of FIG. 5, estimation symbols, or pilot, is transmitted in one direction only. 
In this embodiment, station A 210 first perform an open loop channel estimation by receiving 
a training symbol fixnn station B. Based on the estimated channel, subsequent transmission 
fonn A to B is pre-multipUed with inverse of the channel estimate. Based on this, station B 
can report a correction factor back to station A. The correction factor is used for every 
10 transmission until next caUbration instance. This is in essence a so called zero fordng scheme 
resulting in proportionally larger power is assigned to frequencies (assuming a frequency 
selective channel and e.g. OFDM) with high attenuation Possibly, one may avoid using high 
attenuation frequencies. 

The correction fector fed back can preferably be in the form of a low order complex 
1 5 polynomial (possiTily with exponential functions for any delays) and hence only a few 

weighting factors are sent back. Delay, phase and amplitude difference will generaUy be small 
in magnitude and well behaved functions, it is therefore generally sufficient to use a low order 
polynomial. Other methods of compression the correction factor may, as appreciated by the 
skilled in the art, also be used. 

20 As an alternative the transmissions from A to B is pre-multiply with the complex conjugate of 
Ab^a ' This alternative does not experience the problem with high attenuation frequencies as 
for the zero-forcing method. The receiver. i.e. station B, must however take into account that 
the received signal is, apart from the phase and ampUtude emjis to be calibrated, attenuated 

with iH I when detemiining the correction factor that is fed back to station A. However, 
25 the most important is the feedback of the phase enrors, as the ampUtude gain of the transmit 
receiver chains does generally not vary so much as the channel gain \Hch\ 



The second embodiment of the invention preferably comprises, as illustrated m the message 
sequence chart of FIG. 5, the steps of: 
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505 (corresponding to step 305): Transmit channel estimation symbols, P. 
Pilot signals are transmitted from station B 220 to station A 210 only. 

510 (3 10): Channel estimation. 
Hb-^a » is estimated at station A 2 1 0. 

5 511: Calculate preliminary correction factor, 

A preliminary correction factor, Ixab, is calculated based on H^^^ , preferably the inverse of 
the channel estimate, HJ^]^ ^ , or its complex conjugate, Hg^ji . 

512: Compensate transmissions. 

The transmissions from station A to station B are compensated by multiplying the signal with 
10 the preliminary correction factor /i^. 

513: Estimate errors. 

Station B 220 estimate phase and amplitude errors in flie transmission compensated wifli the 
preliminary correction factor. From the estimates station B calculates a correction term hcorr- 
For the H^^^ , the correction factor is simply complex conjugate effective channel when 
15 Hs^ji is concatenated with H^^^. For the fl^^^^ case, the complex conjugate of the phase 

error may for instance be signaled back, hence assuming that insignificant magnitude 
deviations occur due to the transmit receiver chains. 

5 1 5 (3 1 5): Exchange information between stations. 

Station B 220 sends the correction term hcon to station A 210, preferably in a compact form. 

20 520 (320): Calculate channel correction factor. 

Station A 210 calculate a final correction factor, Hcon . based on the preliminary correction 
factor Hab and the correction term hcorr* 

m 

525 (325): Compensate transmission with diaimel correction factor. 
Station A 210 compensates every transmission to B with the final channel correction factor 
25 t^corr » giving an effective channel which ensures reciprocity. 
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In a third embodiment of the method of the present invention, described with references to the 
signalling scheme of FIG. 6, special estimation symbols (or pilot channel) is used in addition 
to the existing common pilot channel, to estimate a correction vector. 

In, for example, a MIMO scenario in which station A has antennas and station B has 
5 antennas, the frequency responses of the transceiver chains can be represented by diagonal 
matrices with elements corresponding to the response between the baseband processor and a 
particular antenna. For example, H^jj^ is an by diagonal matrix and the channePs 

response is now an njg by matrix as seen by station B. 

Following the example of calibrating station A through station B, similar to the first two 
1 0 embodiments, the diannels from station A to station B can be estimated by station B through 
a known signal (a frequency domain column vector of dimension ) generally referred to as 
the common pilot channel and here denoted by P^. The at station B received sigoal 
corresponding to this pilot is given by 

15 and from which the efifective diannel response Hji^b = H^^j^ch^a jx ^ be estimated. 
Station A can similarly derive H^^^ = ^^B^TX^CH^A^JiX • It then transmits from each 
antenna a pre-multiplied special pilot signal, collectively denoted by a colunrn vector 

^s-^B->.A\g* (8) 

wherein, is an x diagonal matrix containing n ^ individual pilot signals with good 
20 auto and cross correlation properties and is an all-one column vector of dimension . 
The received signal coire^nding to this special pilot signal is then given by 

t 

For simplicity, one may assume that = 1 (the two stations may agree to use only one 
antenna in B to calibrate A), then the received signal in the above equation can be written as 




: 14/08/2006 

wo 2005/064871 



A1 PAMPHLET 



PCT/EP2004/014669 



04804263 



IS 




Since the transceiver chain's frequency response contains only delay, phase rotation and 
peihaps a small amplitude variation, Hsjtx and H^^ in Eq. (7) both have unit amplitude. 



the received signal with the.corresponding pilot signal P^OVy). After receiving this 



correction information from station B, station A can then adjust the transmit and receive 
chains such that H (J, J) • -^^^ 0'. j) are the same for all J . This makes sure that the 
channels are reciprocal between the antennas at station B and the baseband processor in 
10 station A. Note that the responses of the transceivers in station B is irrelevant for the purpose 
of cohwently adding the arriving signals at the antennas since they can be estimated and 
removed bdfore demodulation. 

The third embodiment of the invention preferably comprises, as illustrated in the message 
sequence chart of FIG. 6, the steps of: 

15 605 (conresponding to step 305): Transmit channel estimation symbols, P. 

Known channel estimation symbols, preferably the existing common pUot channel, , are 
transmitted from station B 220 to station A 210 and from station A 210 to station B220. 

610 (310): Chaimel estimation. 

Hb^a > IS estinoated at station A 2 10, and H^^^ at station B 220 according to the above. 

20 611: Transmit special pilot channel Ps. 

Station A transmits from each antenna a pre-multiplied special pilot signal, P^ ■ H^^^ • 1 . 

612: Estimate errors. 

Station B 220 estimate delay, phase and ampUtude errors for each of the station A's antennas, 
based on the received Pc and • H^^^ • . A correction vector comprising concection 
25 terms for each antenna in station A is calculated. 
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615 (315): Exchange information between stations. 
Station B 220 sends the correction vector to station A 210. 

620 (320): Calculate channel correction factor. 
Station A 210 calculate channel correction factors for each antenna. 

« 

5 625 (325): Compensate transmission with channel correction factor. 

Station A 210 compensates every transmission to B with the channel correction factors 
ensuring reciprocity. 

A fourth embodiment of the invention, described with references to the signalling scheme of 
FIG, 7, relates to the cases of SVD (Singular Value Decomposition) based MIMO or TDRF, 
10 and utilize a dedicated pilot channel in combination with the existing common pilot channel. 
The transmit side (station A 210 for example) performs channel matching pre-filtering so that 
the signals add ixp coherently when arriving at the antennas of the receive side (station B 220). 
The received signal at station B is given by H^^^ • H^^^ • S , where S is a column vector 
of dimension containing the data symbols. The pre-filtering function is the complex 

1 5 conjugate of the channel from station B to A and can be estimated by the common pilot 
channel sent by station B. 

In general, known symbols are multiplexed with data symbols so that the effective channel 
response can be estimated for coherent demodulation. These known symbols are sometimes 
referred to as dedicated pilot channel and is here denoted by . In combination with the 
20 common pilot channel , the dedicated pilot channel will be used to derive the correction 
vector as will be shown below. 

At station B, tie received sigaal corresponding to the dedicated pilot channel is given by 

-Rs = f^A-*B Hb^ji Pd (1 1) 

Since H is known from the conunon pilot , iT^^ can be estimated from . 
25 Therefore 
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H 



H ttH 



(12) 



are both known to station B and the correction vector can be g^erated and reported back to 
station A as in the previous embodiments. 

The fourth embodiment of the invention preferably comprises, as illustrated in the message 
5 sequence chart of FIG. 7, the steps of: 

705 (corresponding to step 305): Transmit channel estimation symbols, P. 

Known channel estimation symbols, preferably the existing common pilot channel, , are 

transmitted from station B 220 to station A^210 and from station A 210 to station B220. 

710 (310): Channel estimation. 
^0 ^B-*A^ estimated at station A 210, and H^_^g at station B 220 ftom the pilot channel. 

711: Calculate pie-filter. 

Station A 2 1 0 calculate pre-filter H^^^ . 

Ill: Transmit dedicated pilot channel P^. 

Station A transmits dedicated pilot channel Pa multiplied with H*b_.a , which at station B is 



1 5 received as ii, = H^_^s H^^ji-Pa. 

> 

713: Estimate correction vector. 

^^B-^A and H are now known by station B 220, and used to estimate a correction vector. 

_ • 

715 (315): Exchange information between stations. 
Station B 220 sends the coirection vector to station A 210. 

20 720 (320): Calculate channel correction factor. 

Station A 210 calculate channel correction factors for each antemia. 
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725 (325): Compensate transmission with channel correction factor. 

Station A 210 compensates every transmission to B with the chaimel correction factors 

ensuring reciprocity. 

■ 

The calibration method according to the inv^xtion can be utilized, as indicated in the different 
embodiments, in various wireless systems, as well as in-between various entities (nodes) in 
the systems. FIG. 8 illustrates various examples of nodes in-between which calibration may 
take place. The exemplary network 800 comprises a plurality pf basestations 805 (both 
multiple antenna and single antenna), relay stations 810 and mobile stations 815. Calibration 
may e.g. take place between two relay stations 810 (indicated by arrow 820), between two 
basestations 805 (arrow 825), between a relay station 810 and a mobile station 815 (arrow 
830), between a base station 805 and a mobile station 815 (arrow 835), and between a base 
station 805 and a relay station 810 (anow 840). Other combination of radio based nodes for 
the purpose of calibration according to the invention is also possible. Furthemiore, some 
stations may be equipped with multiple antennas, whereas others have merely single antennas. 

* 

The calibration should be performed in accordance with the specific antenna configuration. 
Choices of which node to calibrate with may be dictated by selection rules incorporated in the 
system, e.g. based on link quality, knowledge of calibration accuracy offered by some stations 
(it may e.g. differ between fixed stations and mobile stations), number of antennas, etc. 

It should be emphasised that although the calibration takes place between some pair of 
stations, the calibrated «itities may subsequently communicate with other stations. For 
instance in coherent combining based cooperative relaying, relay stations may perform 
calibration with a proximate basestation, and later while communicating relaying signals 
received on one link (e.g. fit)m a basestation) to a second link (e.g. with a receiving mobile 
station) the compensation according to the invention and phase compensation derived from 
channel estimates (see [refj) is applied that enables signals relayed over different relays to be 
cohoratly combined at the receiving entity. 

A possible implementation of the calibration method according to the invention is illustrated 
in FIG. 9, wherein the system is in TDD mode. The calibration method described above may 
preferably be carried out by two stations that are assigned to opposite transmit/receive time 
slots. In a cellular system, this means between a base station and a user terminal. However, 
cabT)ration may, as previously discussed, also take place between nodes that are assigned the 
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same transmit/receive time slots, e.g. between to basestations. Fig. 9 illustrates an example of 
calibration procedure in a TDD system between two basestations. In order not to disrupt the 
ongoing operation, no station should transmit in a time slot originally allocated for receiving. 
Therefore, a base station can switdi to receive mode during a slot originally scheduled for 
5 transmission and measure the pilot channels from other base stations. 

Illustrated in FIG. 9 are the transmissions between station A and station B, wherein: 

a) In a first transmit time slot TXi, station B transmit a pilot, Pc, which is received by the 
station A, which has switched to receive mode. Station A estimates Ho.j . 

b) In a second transmit time slot TX2, station A transmit a pilot, Pc, Pa or Ps which is received 
10 by the station B, which has switdied to receive mode. Station B estimates H. „ . and 

possibly -ff^^^ , and determines a representation of H^^^ or a correction vector/temi. 

c) In a third transmit timeslot TX3, station B, in regular transmit mode, transmit the correction 
vector to station A, which has switched to receive mode. Station A adjust the transceivers 
accordingly. 

1 5 The calibration transmission does not need to occur in adjacent TX-slots, and caHbration 
process may involve additional transmissions that is not depicted in FIG. 9. 

Utilising the method of calibration according to the invention it is possible to compensate 
transmissions so that the communication channels between two radio nodes in a wireless 

f 

network are reciprocal. The presented embodiments offers methods of performing the 
20 calibration process in very efficient ways, ensuring that valuable radio resources are not 
wasted on unnecessary signalling. The reciprocity achieved by the inventive calibration 
process makes it possible to fiilly exploit the capacity gains afforded by features such as 
space-time coding used in flie newly developed radio communication systems e.g. MIMO, 
TDRF and coherent combining based cooperative relaying. 



5 The method according to the present invention is preferably implemmted by means of 
program products or program module products comprising the software code means for 
performing the steps of the method. The program products are preferably executed on a 
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■ 

plurality of radio nodes wifliin a network. The program is distributed and loaded from a 
computer usable medium, such as a floppy disc, a CD, or transmitted over the air or 
downloaded from Internet, for example. 

As demonstrated, and exemplified in the different embodiments, the present invention 
5 provides a method and radio nodes that makes it possible to use channel reciprocity, in that it 
condensate for inaccuracies and differences in transmit receive diains. 

The described methods have the additional advantage that it can be used for relative 
calibration between stations that can not or do not communicate. A typical example is 
coherent combining based cooperative relaying. 

1 0 While the invention has beai described in connection with what is presently considered to be 
the most practical and preferred embodiments, it is to be understood that the invention is not 
to be limited to the disclosed embodiments, on the contrary, is intended to cover various 
modifications and equivaloit arrangements as defined by the appended claims. 



25 



14/07/2005 



9-09-2006 r IPEA409ANNEX 



PCT/EP 2004/014 669 



24 

CLAIMS: 

1 . A method of calibrating a transmitting part of a node in a wireless communication 
network, which communication network comprises at least a first radio node and a 

« 

second radio node which can be arranged to be in radio communication with each 
other, and wherein at least one radio node receives radio signals from multiple 
antennas, said calibration method comprises the steps of 
'transmitting (605,705) first pilots signals both from the first radio node to the 
second radio node and from the second radio liode to the first radio node* 
-determining (610, 71 0) in the second radio node a first estimate of the channel 
characteristics from the first radio node to the second radio node, and in the first 
radio node determining a second estimate of the channel characteristics from the 
second radio node to the first radio node, said determining based on req>ective 
received first pilot signals; 

-calculating at least one channel correction factor in the first radio node based on the 

first and second chaimel estimates, 

the italibration method characterised by the steps of: 

'transmitting (611, 71 1-712) a modified second pilot signal from the first radio node 
to the second radio node, said modification based on the second channel estimate; 
-estimating transmission errors (612, 713) in the second radio node, said estimation 
based on the first channel estimate and the received second pilot signal and 
calculating a correction vector with correction terms for each of the multiple 
antennas based on the transmission errors; 

-exchanging (61 5, 71 5) the correction vector from the second radio node to the first 
radio node; and 

in that the step of calculating correction factors (620,720) comprises calculating one 
correction factor for each antenna, the correction factors are based at least partly on 
the respective correction terms in the correction vector, said correction factors 
adapted for use in transmissions from the first radio node to the second radio node. 

2. Calibration method according to claim 1 , wherein the calibration method is initiated 
in predetermine time intervals. 

3. Calibration method according to claim 1 , wherein the calibration method is initiated 
as a response of a measure of conmiunication quality being below a predetermined 
threshold value. 
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Calibration method according to any of claims 1 to 3, wherein the modification of 
the second pilot signal comprises a multiplication of a pilot signal with the complex 
conjugate of the second channel estimate. 

Calibration method according to any of claims 1 to 4, wherein the correction vector 
is exchanged in the form of a compact representation of the correction vector. 

Calibration method according to any of claims 1 to 5, wherein the first radio node 
(A) is provided with antennas and the second radio node (B) is provided with 
antennas and wherein at least the first radio node has at least two antennas, wherein 
-in the first transmitting step (605) the first pilot signals, are column vectors; 
-in the determining step (610) a first estimate, H^^, of the channel characteristics 
firom the first radio node to the second radio node is calculated in the second radio 
node, and a second channel estimate H^^^ of the channel characteristics from the 
second radio node to the first radio node is calculated in the first radio node; 
-in the second transmitting step (61 1) the second pilot, P,, is pre-multiplied 
according to: 

which at the second radio node will be received as J?,, and wherein H^^^ is the 
complex conjugate of the second channel estimate, is an x diagonal matrix 
containing individual pilot signals and is an all-one column vector of 
dimension 

-in the estimating step (612) the correction vector is calculated based on Rs 

^ A-^B » ™^ comprises error conrections terms for each of the first radio node's 
antermas; and 

-in the calculating step (620) channel correction factors for each antenna are 
calculated based on the correction vector. 

Calibration method according to any of claims 1 to 5, wherein the first radio node 
(A) is provided with antennas and the second radio node (B) is provided with 

antennas and wherein at least the first radio node has at least two antennas, wherein 
the radio conomuriication is based on Singular Value Decomposition (SVD), and 
-in the first transmitting step (705) the first pilot signals, /*c, are column vectors; 
-in the determining step (610) a first estimate, H^^^, of the channel characteristics 

from the first radio node to the second radio node is calculated in the second radio 
node, and a second channel estimate H^^^ of the channel characteristics from the 
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> 

second radio node to the first radio node is calculated in the first radio node; 

-in the second transmitting step (611) the second pilot. Pa, is pre-multiplied with a 

pre-filter, H , which is the complex conjugate of the second channel estimate. 

which as the second radio node will be received as 

-in the estimating step (7 1 3) the correction vector is calculated in the second node 
and based on H and H^^^ , wherein M^^^ is estimated from the first pilot 
signal and H is estimated from Hi, and 

-in the calculating step (720) channel coitection factors for each antenna are 
1 0 calculated based on the correction vector. 

8. Calibration method according to any of claims 1 to 7, wherein the correction vector 
comprises representation of either delay-errors, phase-errors or amplitude-errors, or a 
combination of these errors. 

9. Calibration method according to any of claims 1 to 8, wherein a first part of the step 
1 5 of transmitting channel estimation symbols is performed in a first transmit time slot 

TXi, wherein the second radio node transmit a pilot, Pc> which is received by the 
first radio node, which is in a receive mode; and 

a second part of the step of transmitting channel estimation symbols is performed in 
a second transmit time slot TX2, wherein the first radio node transmit a pilot, Pc» 
20 or Ps which is received by the second radio node, which is in a receive mode. 

1 0. Calibration method according to claim 9, wherein the step of exchanging 
information between radio nodes is performed in a third transmit timeslot TX3, 
wherein the second radio node is in regular transmit mode and tiansmits.information 
on the radio channel to the first radio node, v^ch is in receive mode. 

25 U . Calibration method according to claim 1 0, wherein the first radio node estimates the 

radio channel firom the second radio channel to the first radio node, H^^j^ , in the 

first transmit time slot TX| . 

1 2. Calibration method according to claim 1 0 or 1 1 , wherein the second radio node 
estimates the radio channel from the first radio charmel to the second radio node, 
30 ^A-^B ^ *® second transmit time slot TX2. 
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Calibiation method according to claim 12, wherein the second radio node further 
estinuktes a correction vector or coirection term in the second transmit time slot TX2. 

Calibration method according to any of claims 10 to 13, wherein the step of 
calculating correction factor or factors in the first radio node is performed in the third 
transmit timeslot TX3. 

A conununication system (800) for wireless communication, the system comprising 
at least a first radio node and a second radio node which can be arranged to be in 
radio coinimmica&bn S^flTeacITotE^Tsaad c^^ in 
that the at least the first radio node is calibrated with the aid of the second radio node 
by the use of the calibration method according to any of claims 1 to 14. 

The communication system according to claim IS, wherein the at least one of the 
radio nodes of the system utilizes a multiantenna configuration as adapted for 
MIMO- based communication. 

A radio node adapted for wireless communication in a wireless network (800), which 
network comprises at least one fiirther radio node, the radio node comprises: 
*an exchanging module (232) adapted for receiving at least one first radio chaxmel 
estimate from at least the fiirther radio node; 

-a channel estimating module (224) adapted for producing a second radio channel 
estimate from a radio signal received by the radio node; 
-a calculating module (226) adapted for calculating a correction vectorAenn or a 
representation of a radio chaimel estimates based on the received first radio channel 
estimate and the second radio channel estimate; and 

-a compensating module (234) for compensating radio transmissions fix>m the radio 
node with at least one correction &ctor which is at least partly based on the 
calculated calibration, 
and is characterised by: 

-a pilot transmitting module (228) adapted for controlling the transmission of first 
pilot signal and a second pilot signal, wherein the second pilot signal is modified 
with the second radio channel estimate. 
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1 8. The xadio node according to claim 1 7, wherein the radio node further comprises 
means for initiating a calibration process, said initiating means adapted to initiate the 
calibration process in predetermine time intervals. 

1 9. The radio node according to claim 1 7, wherein the radio node further comprises 
means for initiating a calibration process, said initiating means adapted to initiate the 
calibration process as a response of a measure of communication quality being below 
a predetermined threshold value. 

20. The radio node according to any of claims 1 7 to 19, wherein the radio node utilizes a 
multiantenna configuration. 



10 21. The radio node according to any of claims 1 7 to 20, wherein the radio node is a 

mobile station (815). 

22. The radio node according to any of claims 17 to 20, wherein the radio node is a 
[io base station (805). 



23. / The radio node according to any of claims 1 7 to 20, wherein the radio node is a relay 
IS station (810). 
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